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Taz Assoctatton contemplates no interference with the ground occupied by 
other institutions. Its objects are,—To give a stronger impulse and a more 
systematic direction to scientific inquiry,—to promote the intercourse of those 
who cultivate Science in different parts of the British Empire, with one an- 
other, and with foreign philosophers,—to obtain a more general attention to 
the objects of Science, and a removal of any disadvantages of a public kind 
which impede its progress, . 
RULES. 


ADMISSION OF MEMBERS AND ASSOCIATES. 


All persons who have attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subscribing an obligation to con- 
form to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical So- 
Geties publishing Transactions, in the British Empire, shall be entitled, in 
hke manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, of 

ical Institutions, shall be entitled, in like manner, to become Mem- 
bers of the Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committee, shall be entitled, in like manner, to become Mem- 
bers of the Association. 

Persons not belonging to such Institutions shall be elected by the General 
Committee or Council, to become Life Members of the Association, Annual 
Subscribers, or Associates for the year, subject to the approval of a General 
Meeting. . | 

COMPOSITIONS, SUBSCRIPTIONS, AND PRIVILEGES. 


Lire Mexsens shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Reports of the Association which may be pub- 
lished after the date of such payment. They are eligible to all the offices 
of the Association. | 

Axxvat Svusscarsers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
grateatously the Reports of the Association for the year of their admission 
and for the years in which they continue to pay without intermission their 
Annual Subscription. By omitting to pay this Subscription in any particu- 
lar year, Members of this class (Annual Subscribers) lose for that and all 
future years the privilege of receiving the volumes of the Association gratis: 
but they may resume their Membership and other privileges at any sub- 
sequent Meeting of the Association, paying on each such occasion the sum of 
One Pound. They are eligible to all the Offices of the Association. 

Assoctares for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Reports of the Association, nor be 
“eile to serve on Committees, or to hold any office. , 
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XV RULES OF THE ASSOCIATION, 


The Association consists of the following classes :— 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on ad- 
mission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to the 
payment of One Pound annually. [May resume their Membership after in- 
termission of Annual Payment. | . re 

4, Annual Members admitted in any year since 1839, subject to the pay- 
ment of T'wo Pounds for the first year, and One Pound in each following 
year. [May resume their Membership after intermission of Annual Pay- 
‘ment. , 

5. I enociates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates will be entitled to receive the annual 
volume of Reports, gratis, or to purchase it at reduced (or Members’) price, 
according to the following specification, viz. :— 

1. Gratis —Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 1845, a 
further sum of Five Pounds. 
New Life Members who have paid Ten Pounds as a compo- 
sition. 
Annual Members who have not intermitted their Annual Sub- 
scription. 
2. At reduced or Members’ Prices, viz. two-thirds of the Publication 
Price.—Old Life Members who have paid Five Pounds as a 
composition for Annual Payments, but no further sum as a 


Book Subscription. 

Annual Members who have intermitted their Annual Subscrip- 
tion. 

Associates for the year. [Privilege confined to the volume for 
that year only. ] 


8 Members may purchase (for the purpose of completing their sets) any 
of the first seventeen volumes of Transactions of the Assecia- 
tion, and of which more than 100 copies remain, at one-third of 
the Publication Price. Application to be made (by etter) to 

; Messrs. Taylor & Francis, Red Lion Court, Fleet S8t., London. 
Subscriptions shall be received by the Treasurer or Secretaries. 


MEETINGS. 
_ The Association shall meet annually, for one week, or longer. The place 
of each Meeting shall be appointed by the General Committee at the pre- 
-vious Meeting ; and the Arrangements for it shall be entrusted to the Officers 
. of the Association. 
GENERAL COMMITTEE. 
The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
. following persons :— 
1. Presidents and Officers for the present and preceding years, with 
authors of Reports in the Transactions of the Association. 
2. Members who have communicated any Paper to a Philosophical Society, 
which has been printed in its Transactions, and which relates to such subjects 
as are taken into consideretion at the Sectional Meetings of the Association. 
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3. Office-bearers for the time being, or Delegates, altogether not exceed- 
ing three in number, from any Philosophical Society publishing Transactions. 

4. Office-bearers for the time being, or Delegates, not exceeding three, 
from Philosophical Institutions established in the place of Meeting, or in any 
place where the Association has formerly met. 

5. Foreigners, and other individuals whose assistance is desired, and who 
are specially nominated in writing for the Meeting of the year by the Presi- 
dent and General Secretaries. 

6. The Presidents, Vice-Presidents, and Secretaries of the Sections are 
ex-officio members of the General Committee for the time being. 


SECTIONAL OOMMITTEES, 

The General Committee shall appoint, at each Meeting, Committees, con- 
sisting severally of the Members most conversant with the several branches 
of Science, to advise together for the advancement theygeof. 

The Committees shall report what subjects of investigation they would 
particularly recommend to be prosecuted during the ensuing year, and 
brought under consideration at the next Meeting. 

The Committees shall recommend Reports on the state and progress of 
particular Sciences, to be drawn up from time to time by competent persons, 
for the information of the Annual Meetings. 


COMMITTEE OF RECOMMENDATIONS. 

The General Committee shall appoint at each Meeting a Committee, which 
shall receive and consider the Recommendations of the Sectional Committees, 
and report to the General Committee the measures which they would advise 
to be adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, and Reports on Scientific Subjects, shall be submitted to the Com- 
mittee of Recommendations, and not taken into consideration by the General 
Committee, unless previously recommended by the Committee of Recom- 
mendations. 

LOCAL COMMITTEES. 

Local Committees shall be formed by the Officers of the Association to 
sesist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers those 
Members of the Association whose assistance they may desire, 


OFFICERS, 
A President, two er more Vice-Presidents, one or more Secretaries, and a 
Treasurer, shall be annually appointed by the General Committee. 


COUNCIL. 

In the intervals of the Meetings, the affairs of the Association shall be 
managed by a Council appointed by the General Committee. The Council 
may also assemble for the despatch of business during the week of the 
Meeting. 

PAPERS AND COMMUNICATIONS. 

The Author of any paper or communication shall be at liberty to reserve 
his right of property therein. 

ACCOUNTS, 

The Accounts of the Association shall be audited annually, by Auditors 
appointed by the Meeting. - 
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II. Table showing the Names of Members of the British Association who 
have served on the Council in former years. 


Aberdeen, Earl of, LL.D., E.G. K.T., 
deceased). 


Alani Gi D., Bart., M.A.,D.C.L.,F.B.S. 

Acland, Professor H. W., M_D., F.B8. 

Adama, Prof. J. Couch, M.A., D.C.L., F.BS. 

Adamson, John, Eaq., F.L.S. 

Adderley, The Right ‘Hon. C.B., M.P. 

Ainslie, . Gilbert, D.D., Master of Pem- 
broke’ Hall, » Cambridge, 

Airy,G.B.,M.A., D.C.L., F.R.S., Astr. Royal. 

Alison, ProfessorW.P.., M.D. \F.B.S.E. (deot). 

Allen, W. J. C., Eaq. 

Anderson, Prof. Thomas, M.D. 

Ansted, Professor D. T., M.A., F.R,S. 

Argyll, G. Douglas, Duke of, FRS. L&eE. 

Armatrong, Sir W.G., F.B.S. 

Arnott, Neil, M.D., FRS. 

Ashburton, William Bingham, Lord, D.C.L. 
deceased 


| ( ). 

Atkinson, Rt. Hon. BR., late Lord Mayor of 
Bab oe Charl Eeq., M.A., F.R.S. 

es, 

Babine, Professor C. C., M.A., F.RS. 
Baily, Francis, . E.R. S. (deceased). 
Baines, Rt. Hon. T., M.A., M.P. (dec*). 
Baker, Thomas Barwick Lloyd, 
Balfour, Professor John H., M.D., 
Barker, George, Esq., FBS. (deceased). 
Bath, The Most Noble the Marquis of. 
Bath, The Venerable the Archdeacon of. 
Beamish, Richard, . ERS. 
Beechey, Rear-A F. B.S. (deceased ). 
Bell, Isaac Tacthion E 
Bell, Professor Thomas, rp. LS., F.R.S. 


eee Sang phn P,, Bae "ERS. 
Boyle, Right I Hon. D., Lord Justice-General 


Brad are Ton. Maziere, M.B.1.A., Lord 

cellor of Ireland. 

Brand, William, 

Breadalbane, John, uis of, K.T., F.B.8. 
(deceased). 

Brewster, Sir David, K.H., D.C.L., LL.D., 
F.BS. L. & E., Principal of the Uni- 
versity of Edinburgh. 

Brisbane, General Sir Thomas M., -Bart., 
K.C.B., G.C.H., D.C.L., F.B.8. '(dect). 

Brodie, Sir B. C., 

deceased 


). 
Brooke, Charles, B.A., F.R.8. 
Brown, Robert, D.C.L., F.R.S. (deceased). 


Bart., D.O.L, P.B.S. | 


Brunel, Sir M..1., F.R.8. (deceased). 

Buckland, Very Rev. William, D.D., F.BS., 
Dean of Westminster (doceased ). 

Bute, John, Marquis of, K.T. (deceased). 

Carlisle, G. W. Fred., Earl of, -R.8. (dec). 

Carson, Rev. Jose ph, F.T.C 

Cathcart, Lt.-Gen., Parl of KOR, ¥.B.8.E. 
(deceased ). 

Challis, Rev. J., M.A., FBS, - 

Chalmers, Rev. T., D.D. (deceased). 

Chance, James, ee 

Chance, J. T., 

Chester, John’ Gream, D.D., Lord Bishop of 
(deceased ). 

Chevallier, fen Temple, B.D., F.R.A.8. 

Christie, Professor 8. EE , M.A., F.R.8. (dee*). 

Clapham, R. C., 

Clare, Peter. Eq., RAS. deceased ). 

Clark, Rev. Prof., MD., F.B.S. (Cambridge. ) 

Clark, Henry, M.D. 


Clark, G.T 
Clear, William, & |: (oecensen 
Clerke, Major S., 


Clift, William, 
Close, Very Rev. , MA, Dean of Carlisle. 
Cobbold, John Chevalier r, Haq. M.P. 
Colquhoun, J. C., My {pieooasert 
Conybeare, Very Rev. V 
daff (deceased ). 
Cooper, Sir Henry, M.D. 
Cork and Orrery, The Rt. Hon. the Earl of, 
Tord-Lieutenant of pomersetahire. 


deceased 
Dalton, John, D.C.L., F.B.S8. Hea, (deceased ) 


Daniell, Professor J. F., FBS. (Goosen), 
Darbishire, R. D., Heq., B.A, F.GS. 
Dartmouth, William, Karl of, D.C.L, FBS, 
Darwin, Charles, .. M.A., FRB. ; 
Daubeny, Prof. C. G. MD. ,»UL.D., F:B.8. 
DelaBeche, Sir H. T., CB., FRS., Direotor- 
Gen. Geol. Surv. United Kingdom (dec*). 
De la Rue, Warren, Ph.D., F.B.S8. 
Derby, Earl of, D.C.L., Chancellor of the 


Currie, William ‘allace, Esq 


ner of Oxford 
Devonshire, W., Duke bof, M.A.D. C.L.,F.B.8. 
Dickinson, Francis H 
Dillwyn, be Jose ph, Me. D., ‘7 RS, ect 8, 
W, tag, FE 8. 
Done peeae WwW racTe } 


Drinkwater, J. E., . (deceased )- 
Ducie, The Karl of, F.RB.S. 

Dudley, The Ri ht Hon. the Karl of. 
Dunraven, The 1 of, F.R.S. 


| Egerton,Sir P.de M. Grey, Bart.,M.P. RS. 
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» (det). 
Ls, F 


. B, 
Principal of Universit of Bt Andrews. 
Fox, Robert Were, Eaq., 


Frost, Charles, F.S.A. 


Graham, T., M.A., 

Sohn E Eagq., Ph.D., F.B.S. 
Gray, John E., “5 ’ 
Gray, Jonathan, Eagq. ( ) 
Gree, Prof, Joseph, Henry, D.C.L., F.RS. 
Green, oseph Henry, 

(deceased ). 

G. B., Eaa., ves. (deceased ). 

Griffith, George, M.A, F.C.8 
Griffith, Sir B. Grifith, Bt, LLD., M.R.LA. 
Grove, W. R., Ksq., M.A. 8. 


W.d., , ; . 
Sir Wien Ut LL.D., Astronomer 


i) 
Fone Professor, M.A., ¥-LB. dect), 
Herbert, Hon. and very Rev. D., 

¥.LS., Dean of Manchester (dect), 


Hereford, The V: Rev. the Dean of. 
Rerechel, Bir Jokm .W., Bart., M.A., D.C.L., 


Heywood, Sir Benjamin, Bart, F.R.8. 
(deceased). 


Saree 
Hinde Rev. Thoman, B. 


D., M.B.LA. 
A. 


| 
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Hinds, 8., D.D., late Lord Bishop of Norwich 
deceased 


Hodgkin, Thomas, M.D. 

Hodgkinson, Professor Eaton, F.R.B. (dec*). 

Hodgson, Joseph, Eaq., F 

Hogg, John, , M. A. in La. 

Hooker, Sir William J. LLD., F.RS. 
(deceased ). 

Hope, Rev. F. W., M.A, F.B.S. (deceased. 

Hopkins, William, "Bsq., M.A, TLD ¥.R. 

Horner, Leonard, a F.B.B. ). 

Houghton, ,r. D. 

Hovenden, V. F 


Inman, Thomas, M.D. 
Jacobs, Bethel, Kaq. 

Jameson, Professor R., F.B.S8. 
Jardine, Sir William, Bart., F. 


Jenyns, Rev. Leonard, F.LS. 

Jerrard, H. B., 

Jeune, The Right .F., D.C.L. 

Johnston, Right Hon. William, late Lord 
Provost of Edinb on 

Johnston, Prof. J. F. W., M.A, A. BRB. (deo). 

Keleher, William, 

Kelland, Rev. Prof. P., eo eRe L&E 

Kildare, The Marquis ‘of. 

Lankeeter, Edwin, M.D., F.B.S8. 

Lansdowne, Hen. , Marquisof, D.O.L.,F.B.8. 
deceased 


). 
Laron, Major, R.E., LL.D., F.R.8. 
Lardner, Rev. Dr. (deceased ). 


” » F. 
Lee, Very Rev. John, DD. FRSE, Prin- 
of the University of Edinburgh 
(c eceased ). 
Lee, Robert, M.D., F.B.8. 
igh, The Right Hon. Lord. 
Lefevre, Right Hon. Charles Shaw, late 
Speaker of the House of Commons. 
Lemon, Sir Charles, Bart., F.R.8. 
Lichfield, The Ri ¢ Hon. the Karl of, 
deceased 


. ( ). 

. Ge, D.D., Dean of 

Lindley, Professor John Ph.D., FBS. 
(deceased ). 

Listowel, The 

Liveing, Prof. G. D., M.A, FCS. 

Lloyd, Rev. B., D.D., Provost of Trin. Coll, 


Dublin EDD, 5 
Lloyd.’ Rey. D.D., D.0.L., F.B.8. L&E, 
Loaded , Lord, F.B.8. 


Lubbock, Sir John W., Bart., 
(deceased). 
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, Rev. Thomas. 
Sir Charles, Bart.,.M.A.,LI.D,, D.C.L., 


Igtial ion A The Right Hon. Lord. 

Cullagh, Prof., D.C.L., M.R.1.A. (dec*). 

MacDonnell, Rev. R, D. D., M.R.I.A., Pro- 
vost of Trini College, Dublin. 

Macfarlane, The ery Rev. Principal. (dec*). 

MacGee, William, M. 

MacLeay, William , Keq., F.L8. 

MacNeill, Professor ohn, ¥F.B.S. 

Malahide, The Lord Talbot de. 

Malcolm, Vice-Ad. Sir Charles, K.C.B. (dec*). 

Maltby, "Edward, D.D., F.RS., late Lord 
Bishop of Durham | deceased). 

Manchester, J. P. Lee, D. . Lord Bishop of. 

Marlboro h, Duke of, D. C. L. 

Marshal] ea: _,M A., F.GS. 

May, Charles, on * 


A.S. (deceased). 
ail Thomas eq. F.LS. 
Middleton, Sir William F. F., Bart. 
Miller Poot W. A, M.D., Treas. & V.P.B.S. 
Miller, Profemsor W. H 3 M.A. .A., For. Sec.B.8. 


Mo Mont ee De tan D., af ( ‘decctsed). 

Montes, Lo Lord, ite \denased). 
Moody, J. 

Moody, T. 7 ke 

Moody, T. H. C., 

He ee at ae 

Mount- ‘be, EnestA: 1 of. 


estAugustus, Kar 
Murchison, Sir Roderick I., Bart., G.C. St.S., 
D.C.L, LL.D., » ERS. 


Neild, Alfred, 

Neill, Patrick, M.D., F.RS.E. 
Nelson, The Rt. Hon. Earl 
Nicol, D., M.D. 


Nicol, Professor J., F.R.S.E., F.G.8. 

Nicol, Rev. J. P., LL.D. 

Noble, Capt. A., "R.A. 

Northampton, 8 Spencer Joshus Alwyne, Mar- 
quis of, V.P.R.S. (deceased). 

Northumberland, H , Duke of, K.G.,M.A., 


Orpen, Jon HL FRB. 

Owen, Prof., M.D., D.C.L., LL.D., F.BS. 

Oxford, Samuel Wilberforce, D. D., Lord 
Bishop of, F.R.8., F.G.8. 

Palmerston, Vice, KG. ,G.C.B., M.P., F.R.S. 
(deceneed). 

Peacock, Very Rev. G., D.D., Dean of Ely, 
F.B.S. (deceased). 

Peel, Rt.Hon.Sir R.,Bart..M.P.,D.C.L.(dec*), 

Pendarves, E. W., Kaq., F.R.S. (deceased). 

Phillips, Professor John, M.A,LL.D.F.RBS. 

Phillipe, Rev. G., B.D. , President of Queen's 

wot , Cambri 
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Portman, The Lord. 

Powell, Rev. Professor, M.A, F.B.8. (dec*). 
Price, Rev. Professor, M. A., F.B.8. 
Prichard, J. C., M.D., FERS. +e 


Ransome, Geo ree NOE 
Reid, Maj. "Gen. Sir K.OB, BE., F.R.8. 
Ren Hon. Lord, M.P. 


Rennie, George, Esq., F.B.S. (deceased ). 

Rennie, Sir John, FERS. 

Richardson, Sir J ohn, C.B., MLD., LL.D., 
deceased 


F.RS. 
Richmond, Duke of, K.G., F.B.8. (dec*). 
Ripon, Earl of, F. B.G.8. 

Ritchie, Rev. Prof, LL.D., F.B.S. (dec*). 
Robinson, Capt., RA. 

Robinson, Rev. J, D.D. 

Robinson, Rev. T. R., D.D., F.R.S8., F.B.A.8. 


-Robison, Sir John, Sec. B.S. Edin. (deceased ). 


James, Esq. 

Peter Mark, M.D., F.BS. 
Rolleston, Professor, M. D., F.B.S. 
Ronalds, Francis, F.B.S. 

Roscoe, Professor H. E., B.A., F.R.S. 
Rosebery, The Karl of, K.T., D.C.L, F.R.S. 
Rows, Rear-Admiral Sir J.C, R.N., D.C.L., 


LL.D., President of the Ro l Societ y. 
Sanders, William, . F.B.S., F.G.S. 
Scholefield, William, 

Scoresby, Rev. W., D.D., FRS. deceased ). 
Sedgwick, Rev. Prof, MA. D.C.L., F.R.S. 
Selby, Prideaux John, Eeq., F.R.B. E. 

, Professor, MD., Sec.R.8. 
Sims, illwyn, 
Smith, Lieut.-Col. ' Hamilton, ¥.R.S8.(dec*). 
Smith, Prof. H. J. §8., M.A, F.B.S. 
Smith, aly F.RBS. L. & E. 


F. RS. deceased 
Spottiewede, W MF A ) 


Stanley, Edward, DD. FES, late Lord 
Bishop of Norwich (deceased). 

Staunton, Sir G. T., Bt., M.P., D.C.L., F.R.S. 

St. David's, C. Thirlwall,D. D. ,LordBishop of. 

Stevelly, Professor John, LL.D. 

Senn rotenone 9.) M. HAeD. C.L.,8ec. B.S. 

Strang, na Hue 

Stric a FR VF. RS. (deceased). 

Sykes, Colonel’ Wy. H 

Symonds, B. P., po DD. ’ Warden of of Wadham 


Talbot, Wea Be Fox, Esq., M.A., F.RS. 
Tayler, Rev. “ ohn James, BA. 

aylor, Hugh, Esq. 
Taylor, John, "Eaq,, F.R.S. (deceased). 


Taylor, Richard, . F.GS. 
Thompeon, William, Keq., F.L.S.(deceased ). 
Thomson, A., Keg. 


Thomson, Professor William, M.A., F.B.S. 
Tindal, Captain, R.N. (deceased). 
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Tie William. Hog M_P., F.BS. 
Tooke, Thomas, BS. (deceased), 


Turner, Samoel, Eag., F.B.S., FGS. (dect). 


Turner, Rev. W. 


Tredall, Professor John, F’.R.S8. 
Tigors, N. A, D.C.1., F’L.8. (deceased). 


Vivian, J. H., MLP., FR. S. (deceased). 


Walker, James, Eag., F.R.S. 

Walker, J N., . &.G.8. 

Walker, Rev. fessor bert, M.A. F.R.8 
)- 

Wekae Henry, 7 F.B.S8.(dec*). 

Ward, W. S . &.C.S8. 

lee One a FBS. 

Wi ra E., Keq., M.P. 


Western, Thomas Burch, Eaq. 
Wharncliffe, John Stuart, Lord, F’.R.8.(dec*). 
Wheatatone, Professor Charles, F.R.S. 
Whewell, Rev. William, D.D. HRS. Master 
of Trini , Cam . . 
White, John oe Age. (cect) 
Williams, Prof. Charles J. B., M.D., F.R.8. 
Willis, Rev. Professor Robert, M.A., F.R.8. 
Wills, William, Esq., F.G.S. (deceased ). 
Wilson, Thomas, Esq. ., MLA. 
Wilson, Prof. W. P. 


Winchester, John, uis of. 
Wood, Nicholas, eceased ). 
Woollcombe, Henry, § . F.8.A. (deceased ). 


Worcester, The Rt. Rev. the Lord Bishop of. 
Wrottesley, John, Lord, M.A., D.C.L., F.B.8. 
Yarborough, The Ear] of, D.C.L. 

Yarrell, illiam, ee ,¥.L.8. 5. (deceased). 


Yates, James, Esq 
Yates, J.B., ‘can FSA, FEROS. (dect). 


OFFICERS AND COUNCIL, 1865-66. 


TRUSTEES (PERMANENT). 

Sir Ropericx I. Murcuison, Bart., K.C.B., G.C.8t.8., D.C.L., F.B.8. 

Lieut.-General Ep WARD SaBINE, R.A., D.C.L., Pres. B.8. 

Sir Paitip pz M. Gary E@ExTON, Bart., M.P., F.B.8. 

PRESIDENT. 
JOHN PHILLIPS, Esq., M.A., LL.D., D.C.L., P.B.8., F.G.8., Professor of Geology 
in the University of Oxford. 
VICE-PRESIDENTS. 


The Right Hon. The BAuL ¢ or LICHFIRLD, Lord- | The Right Reverend The Lornp BisHor or Wor- 
Léoutenant of Staffordsh CESTER. 

The Right Hon. The EARL 0 or DuDLEY. The Right Hon. C. B. ADDERLEY, M.P. 

The Rig! Righ ht Hon. Lorp Lxi@u, Lord-Lieutenant of | WILLIAM SCHOLEFIELD, Eeq., M.P. 


hire. . T. CHANCE, E oa, MA 
The re Right Hon. Lory Lytte.ton, Lord-Lieute- F, OstEr, Eagq., F.3.8. 
of Worcestershire. The Rev. OHAnLES Evans, M.A. ° 
The Bi Spa Hon. Loap WROTTESLEY, M.A., D.O.L, 


PRESIDENT ELECT. 
WILLIAM 8. GROVER, Esq., OC., M.A., F.B.8. 


VICE-PRESIDENTS ELECT. 
His Grace The DUKK OF DEVONSHIRE, Lord- | The Rt. Hon. J. E. Denison, M.P. 
Lieutenant of Derbyshire. J.C. WEBB, Eeq., Hi figh-Sher “Sherif of Nottinghamshire. 
His Grace The DUKE or RUTLAND, Lord-Lieute- Tuomas GRaHAM, Faq. FR, S., Mester the Mint. 
nant of Leicestershire. JOSEPH HOOKER, M 8., 8. 
The Bt Hon. Loup Barres, Lord-Lientenant of | Joux Russert Hixns, "Keg, r Rei FRAS. 
Nottinghamshire. T. CLoak, Eag. 
LOCAL SECRETARIES FOR THE MEETING AT NOTTINGHAM. 
Dr. ROBERTSON. 
Epwarp J. Lowe, Eaq., E. BAB. F.L.8. 
The Rev. J. F. M‘CaLLAN 


LOCAL TREASURER FOR THE MEETING. AT NOTTINGHAM. 
I. E. WRIGHT, Eaq. 


ORDINARY MEMBERS OF THE COUNCIL. 


BaBINGTON. Frof.. C. C., F.B.8. OpLine, WILLIAM, aie M. B F.B.8. 
BaTEMAN, “t.F “ FBS. PRICE, Professor 

CRAWFURD, 70 Om, . FBS. ScLaTER, P. L., a ., F.B.B. 

DE La Rvur, WARREN, aq. -» F.BS. SMYTH, f WARINGTON, F, RS. 
Foster, Prrer Lr NEvE, Esq. STANLEY, Rt. Hon. Lord, M.P., F.B.3. 
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Report of the Council of the British Association, presented to the 
General Committee, Wednesday, September 6, 1865. 


1. The Council has received a Report from the Treasurer, W. Spottiswoode, 
Esq., at each of its meetings, and his General Report for the year ending 
September 6, 1865, will be presented to the Committee this day. 

2. The Report of the Parliamentary Committee has been received for pre- 
sentation to the General Committee this day.- 

3. The Kew Committee has presented a Report to the Council at each of 
its meetings, and the Report for the year 1864-65 will be laid before the 
General Committee this day. 

4, In addition to the Noblemen and Gentlemen elected at Bath, the Council 
propose the names of the Right Hon. the Earl of Dudley ; the Right Hon. the 
Lord Lyttelton, Lord-Lieutenant of Worcestershire; A. Follett Osler, Esq., 
F.R.S. ; and the Rev. Charles Evans, M.A., Head Master of King Edward’s 
School, as Vice-Presidents of the present Meeting ; and the Rev. G. D. Boyle, 
M.A., as Local Secretary. 

5. The Council have added to the list. of Corresponding Members the names 
of the following Foreign Men of Science, who have been present at Meetings 
of the Association :—M. E. Hébert, Dr. Arnold Moritz, Herr Neumayer, M. 
Vambéry, Dr. Welwitsch. 

6. The Council learn with deep regret that the prolonged illnees of Mr. 
Hopkins renders him unable to continue his valuable services in the office of 
General Secretary. 

7. The Council have been informed that invitations will be presented to 
the General Committee at its meeting on Monday, September 11, from 
Nottingham, for the year 1866; from Dundee, for the year 1867; and from 
Norwich and Southampton for an early meeting. 


Report of the Kew Committee of the British Association for the 
Advancement of Science for 1864-65. 


The Committee of the Kew Observatory submit to the Council of the British 
Association the following statement of their proceedings during the past 
year :— . 

A short time before the Meeting at Bath, it hed been decided by the 
Secretary of State for. India, on the recommendation of the President and 
Council of the Royal Society, that pendulum observations should be made. 
in India, and that the officer appointed to conduct this experimental inves- 
tigation might receive instruction at Kew Observatory, which might form the 
base-station of the Indian series. 

In consequence of this decision Captain Basevi, R.E., first assistant in 
the Indian Trigonometrical Survey, received instruction at Kew Observatory 
in the method of making and reducing pendulum observations, and in that 
of taking transits. Colonel Walker, R.E., Superintendent of the Survey, also 
attended, in order to make himself acquainted with the details of the appa- 
ratus and the method of observing. 

The pendulums used were those marked No. 1821 and No. 4, used 
formerly by General Sabine in different parts of the globe. The former was 
also used by Mr. Airy in his Harton Colliery experiments. 

A receiver, by means of which these pendulums might be vibrated in vacuo, 
was constructed by Mr. Adie, optician, London. A convenient room for pen- 
dulam observations was likewise fitted up in the Observatory, the expense 
being defrayed from the Government Grant Fund of the Royal Society ; 
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and in this room the preliminary observations were made for determining the | 
constants of the two pendulums about to be used in India. These observa- | 
tions were made by Mr. Loewy, and the results have been communicated to 
the Royal Society by the Superintendent, in conjunction with the observer. » 
The pendulums and other apparatus were subsequently taken to India by 
Mr. J. Hennessey, and have arrived safely at the head quarters of the Trigo- 
nometrical Survey. 

General Sabine has been informed by Mr. Meldrum, Director of the 
Mauritius Observatory, that the necessary funds have been voted by the. 
Government of that colony for hourly meteorological and magnetical observa- . 
tions; and that he may shortly be expected in this country, in order to become 
acquainted with the working of the Kew instruments. In consequence of . 
this communication, Mr. Adie has constructed a set of self-recording mag- | 
netographs, in readiness for Mr. Meldrum’s arrival. 

A Dip Circle and Unifilar have been verified at Kew, and will shortly be 
dispatched to Mr. Ellery, Director of the Observatory, Melbourne, Australia. . 

Two Dip Circles and two Unifilars, ordered by Colonel Walker, R.E., Super-_ 
intendent of the Indian Survey, have been verified in the presence of Colonel 
Walker, who has received instruction in the method of observation with these _ 
instruments. They have since been sent to India, where they have safely | 
arrived. 

Three Dip Circles and three Unifilars, ordered by Colonel Strange, are being 
verified at the Observatory, and likewise one Dip Circle and one Unifilar re- 
cently ordered by Captain J. Belavenetz of the Russian Navy, for the Compass 
Observatory just built at Cronstadt. | 

Mr. E. Walker (who has received the Cambridge Adams prize for his. 
essay on terrestrial magnetism) has been at Kew Observatory, receiving 
instruction in the use of magnetical instruments. 

The usual monthly absolute determinations of the magnetic elements con- 
tinue to be made; and the self-recording magnetographs are in constant 
operation, as heretofore, under Mr. Whipple, magnetical assistant, who has 
displayed much care and assiduity in the discharge of his duties. 

The meteorological work of the Observatory continues to be performed by 
Mr. Thomas Baker, who likewise takes charge of the photographic depart- 
ment connected with the Self-recording instruments, and executes both 
offices very satisfactorily. 

Since the Meeting at Bath, Senthor da Souza, of the University of Coimbra, 
has ordered a self-recording barograph and thermograph, an anemometer and 
electrograph, tubes for filling by Mr. Welsh’s process in order to obtain a 
standard barometer, and a cathetometer. These instruments have been con- 
structed by opticians, and forwarded to Coimbra. 

During the past year, 88 barometers and 420 thermometers have been ven- 
fied, and 6 standard thermometers have been supplied to men of science 
and opticians ; 3 sets of measures of capacity have likewise been verified. 

The Self-recording Barograph continues in constant operation, and traces 
in duplicate are obtained, one set of which has been regularly forwarded to 
the meteorological department of the Board of Trade. 

At the request of Mr. Charles Cator, an anemometer of his construction 
has been tested at the Observatory, and the results communicated to him. 
Also, at the request of Professor Roscoe, the photographio action of total 
daylight is daily registered by an apparatus of his construction. 

The Kew Heliograph, in charge of Mr. De la Rue, continues to be worked 
by a qualified assistant, who gives much satisfaction. During the past 
year 243.negatives have been taken on 146 days, and four seta of positives 
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have been printed from each, some of which have been given to men of 
science interested in this branch of research. 

The negatives are being reduced under the superintendence of Mr. De 
ls Rue, and by means of an instrument of his own construction, which he 
has generously presented to the Kew Committee. Mr. B. Loewy has been 
engaged in the reduction, which he is executing satisfactorily. 

It was mentioned in last Report that an addition to the Micrometer was 
in the course of construction, by means of which the proportion of the sun’s 
disk obscured by spots might be conveniently measured. This arrangement 
is now completed; and the materials for measurement have been greatly in- 
creased through the kindness of Mr. Carrington, who has placed his original 
drawings, in which the size and appearance of the spots are delineated with 
great fidelity, at the disposal of the Kew Observatory. It may be desirable 
to state in a few words the proposed method of exhibiting the results of 
these reductions. In the progress of this branch of knowledge observers have 
been led to recognize certain laws which represent the average behaviour of 
sun-spots ; but to all of these laws there are individual excéptions. In this 
state of things it is probable that our knowledge of the subject will ulti- 
mstely be advanced, not only by a study of those groups which behave in a 
normal manner, but also by a study of those which are exceptions in their 
behaviour to the general rule; and on this account it has been thought desi- 
rable to publish the results in such a way that anyone may be able to study 
the appearance and behaviour—in fact the whole history—of any one group. 

In order to accomplish this, a lens is being made by Dallmeyer, by means 
of which individual groups may be magnified to a scale on which the diameter 
of the san will be equal in size to two feet. 

The eun-spots continue to beobserved after the method of Hofrath Schwabe, 
of Dessau. 

As Kew is tho first public institution which has taken up the subject of 
sun-spote, and as if is intended to continue the method of numbering groups 
so long and succeasfully adopted by Hofrath Schwabe, it was thought desirable 
to endeavour to procure, if possible, for this country the onginal drawings made 
by this eminent and assiduous observer during a course of about forty years. 
A joint letter by Mr. De la Rue and Mr. Stewart was consequently addressed 
to Hofrath Schwabe; and the following answer to it was soon received. 


“ GewrLemen,—The request contained in your letter, although in the highest 
degree honourable and complimentary to me, and although it gives me an op- 
portunity to show the Royal Astronomical Society my gratitude for the Royal 
Medal granted to me, has still cost me some struggle before complying with it; 
for it is not easy to part with what has given me very often much pleasure 
and enjoyment as a compensation for the labour devoted to the work. 

“ Bat in complying with your desire I do so on one condition, viz. that you 
would grant me permission to obtain the observations back again at any time 
that I should be desirous of looking into them, during the short time of life 
sill left to me. I do not think that I shall have an occasion to avail myself 
of the permission asked for; but permit me kindly to believe that it isin my 
power to do so. After my death you may consider the whole of the observa- 
fons as the property of the Royal Astronomical Society. 

“ Please to write me if you are willing to agree to the above desire, and 
Isha)l then immediately send you my astronomical diaries, &c. from 1825 to the 
end of 1864, ‘¢T remain, Gentlemen, 

‘Yours very faithfully, 
“8, H. Scuwass.” 
¢2 
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In order to realize this generous bequest of Hofrath Schwabe, Mr. Loewy of 
the Kew Obeervatory went to Dessau, taking with him a selection of dupli— 
cate negatives and prints of the sun, which he presented, in the name of the 
Association, to that gentleman. After receiving Mr. Loewy most courte— 
ously, Hofrath Schwabe expressed his gratification at the high degree of 
perfection attained in photoheliography, which surpassed his most sanguine 
expectations ; he also handed over to Mr. Loewy’s trust not only his valu— 
able collection of sun-drawings, but also all his astronomical observations. 
Some of these will be exhibited at the Association. 

It has long been a desideratum in photoheliography, with the view of ob-— 
taining the apparent diameter of the sun’s disk, to ascertain the absolute values 
in arc of the divisions of the measuring-instrument (Mr. De la Rue’s Micro- 
meter), and preliminary experiments were made with that object during the 
period that the Heliograph was at the Cranford Observatory. These were only 
partially successful. The mode of operation was this: a suitable object suffici- 
ently distant was photographed by means of the Kew instrument, with the 
lenses in the sare positions as when solar pictures were taken. Different por- 
tions of the object (windows, doors, &c. of a house, for example) were then care- 
fully measured so as to ascertain their value in minutes and seconds of arc; and 
by measuring the pictures of these several portions with the arbitrary scale of 
the Micrometer, the value of the latter in arc could be calculated. The experi- 
ments did not succeed so well as could have been desired, in consequence of 
the disturbance of the images by the undulations of the atmosphere, none 
but very low objects coming within the desired range. More recently, how- 
ever, the experiments have been taken up again with great promise, and 
excellent photographs of the Kew Pagoda have been obtained, which possess 
the requisite sharpness. The object itself, on account ofits numerous galleries, 
is peculiarly fitted for such observations, as it will be possible to ascer- 
tain and allow for any optical distortion of the photographic image. Thus 
it is not improbable that the Pagoda will afford the means of ascertaining, 
photographically, with the greatest accuracy, the angular diameter of the 
sun, and will give data for correcting the assumed semidiameter of the moon, 
by the discussion of photographic pictures of solar eclipses. 

M. Gussew has informed Mr. De la Rue that the Wilna Heliograph is 
now at work under his direction, during the absence, on account of ill health, 
of the Director, Prof. Sabler. At present he experiences some difficulty in 
obtaining perfect photographs, and he has been invited to receive instruction 
at the Kew Observatory. It is considered to be desirable on other accounts 
that M. Gussew should be able to avail himself of the advantage thus 
offered to him, as an arrangement might then be made for the division of the 
labour of reducing the Heliographic observations: 


An apparatus will shortly be added to the Kew Observatory for the important 
object of the ready verification of sextants; the system of distant mirrors 
now in use, designed by Mr. Galton and erected at his own cost, being only 
available in steady sunshine. 

The new apparatus has been designed by Mr. Thomas Cooke, the well- 
known optician. In principle, it consists of four collimators fixed radially, 
at various angles apart, round the table on which the sextant is to be laid 
for examination. The cross wires of the collimators in each of their com- 
binations are to be brought successively into contact by the sextant. Then 
& comparison of its readings with the constant angles of construction of the 
apparatus determines the error of the sextant at various points of its arc. 
However, in practice, to avoid the cost of very large collimators, whose 
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object-glasses would suffice to include the rays proceeding both to the index 
and to the horizon-glasses of large sextants, Mr. Cooke employs doudle colli- 
mators of moderate size; and he adjusts each pair to strict parallelism by 
aid of a detached telescope. 

The coloured shades of the sextant are readily examined by strongly illu- 
minating the fields of two of the collimators, after contact of their cross wires 
has been made in the ordinary manner. 

On the application of Mr. Galton, backed by the recommendation of the 
Kew Committee, the Council of the Royal Society has allotted £80 from the 
Government Grant, to defray the estimated cost of Mr. Cooke’s apparatus, 
and its establishment in the Observatory at Kew. 

The apparatus will be erected in the basement-hall of the Observatory; 
and when the arrangement is complete it is hoped that the Observatory will 
become a place where quadrants and sextants can be verified with great 
facility, and where scientific travellers or officers in Hor Majesty’s Service 
may receive instruction in the use of geographical instruments. 


The solar spectrum is being mapped by the spectroscope belonging to the 
Chairman. All the measurements for the region between D and E have 
been made and carefully verified ; and a map of this region, in accordance 
with these measurements, has been constructed. by Mr. Loewy. Many more 
lines are exhibited in this map than in that lately made by Professor Kirch- 
hoff. Observations made by this instrument have likewise brought out 
several new lines in the spectrum of ignited sodium. | 


At the joint suggestion of Professor Tait of Edinburgh and the Superin- 
tendent, an ingenious apparatus has been constructed by Mr. Beckley, by 
means of which a disk can be made to revolve in vacuo with great velocity ; 
and a short description of some experiments performed by means of this 
instrament, with the view of ascertaining whether visible as well as mole- 
cular motion is dissipated by a medium pervading space, has been commu- 
nicated to the Royal Society by the Superintendent in conjunction with 
Professor Tait. 


The instrument devised by Mr. Broun, for the purpose of estimating the 
magnetic dip by means of soft iron, remains at present at the Observatory. 


The Superintendent has received grants from the Royal Society for special 
experiments ; and when these are completed, an account will be rendered to 
that Society. : 


It will be seen from the foregoing Report, that many other experiments 
and observations, of a nature to advance science, are made under the sanc- 
tion of the Committee, besides those which form the ordinary work of the 
Observatory; it is, however, always stipulated that the cost of such experi- 
ments shall be defrayed by their promoters. 

J. P. Gassior, 
Chatrman., 


Kew Observatory, 
3let August, 1865. 
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REPORT OF THE PARLIAMENTARY COMMITTEE. XXX1X 


Report of the Parliamentary Committee to the Meeting of the British 
Association at Birmingham, September 1865. 


The Parliamentary Committe have the honour to report as follows :— 

By a Resolution passed at Bath your Committee were requested to press 
« the Government the expediency of instituting a series of experiments on 
Fog Signals, but on consulting some of the Members of the Committee 
spointed for the purpose of making experiments on the transmission of 
vand under water, your Committee were informed that no action on the part 
of the Government was at present necessary. 

Your Committee brought under the notice of the Council the unsatisfactory 
character of the provisions of the Public Schools Bill of last Session, so far as 
they affected the interests of Science. 

Your Committee advocated such alterations therein as they believed would 
te most likely to promote these interests; and it was at the suggestion of one 
of their members that Professors Sharpey, W. A. Miller, Huxley, and Tyndall 
were applied to, and gave the admirable evidence on the extent to which 
Phraical Science might with advantage be introduced into the studies of our 
great Public Schools, which will be found in the Appendix to the Report of 
‘ the Committee of the House of Lords on the Bill above referred to, and to 
which the attention of all engaged in the instruction of youth may be usefully 
directed. Some valuable remarks on the same subject by our President Elect 
had been previously referred to in the course of the Debate; and the evidence 
of our President, Drs. Carpenter and Hooker, the Astronomer Royal,-and 
others, before the Public School Commissioners, furnishes an additional proof, 
if any were wanting, of the zeal and energy with which the Cultivators of 
Science continue to remonstrate against the system, which still unhappily 
prevails in many of our Schools, of ignoring the claims of Science. 


Wrotrestry, Chairman. 
Jist August, 1865. 
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RECOMMENDATIONS ADOPTED BY THE GENERAL COMMITTEE AT THE BrnwineHa>s Di 
MEETING IN SEPTEMBER 1865, 


[When Committees are appointed, the Member first named is regarded as the Seerctary , 
except there is a specific nomination. ] 


Involving Grants of Money. 


That the sum of £600 be placed at the disposal of the Council for main— 
taining the Establishment of the Kew Observatory 

That the Lunar Committee, consisting of Mr. J. Glaisher, Lord Rosse, 
The Rev. T. W. Webb, Mr. W. R. Birt, Dr. Lee, Mr. J. N. Lockyer, Rev. 
W. R. Dawes, Sir J. Herschel, Bart., Professor Phillips, Mr. J. Nasmyth, ~ 
Mr. Warren De la Rue, and Mr. H. 8. Ellis, be reappointed, with the object of 
making further progress in mapping the surface of the Moon; that Mr. W’. 
R. Birt be Secretary, and that the sum of £100 be placed at their disposal 
for the purpose. 

That the Committee on Electrical Standards, consisting of Professor 
Williamson, Professor Wheatstone, Professor W. Thomson, Professor W. A. 
Miller, Dr. A. Matthiessen,-Mr. Fleeming Jenkin, Sir Charles Bright, Pro- 
fessor Maxwell, Mr. C. W. Siemens, Mr. Balfour Stewart, Dr. Joule, and 
Mr.,C. F. Varley, be reappointed, with power to add to their number; that 
Mr. Fleeming Jenkin be the Secretary, and that the sum of £100 be placed 
at their disposal for the purpose. 

That the Committee on Luminous Meteors and Aérolites, consisting of 
Mr. Glaisher, Mr. R. P. Greg, Mr. E. W. Brayley, and Mr. Alexander 
Herschel, be reappointed ; that Mr. Herschel be the Secretary, and that the 
sum of £50 be placed at their disposal for the purpose. 

That the Balloon Committee, consisting of Colonel Sykes, Mr. Airy, 
Lord Wrottesley, Sir David Brewster, Sir J. Herschel, Bart., Dr. Lee, Dr. 
Robinson, Mr. Fairbairn, Dr. Tyndall, Dr. W. A. Miller, and Mr. Glaisher, 
be reappointed for the purpose of making night observations at. any time of 
the year, and day observations in the months of October to April; and elec- 
trical observations if possible; that Mr. Glaisher be the Secretary, and that 
the sum of £100 be placed at their disposal for the purpose. 

That Dr. Robinson, Professor Wheatstone, Dr. Gladstone, and Professor 
Hennessy be reappointed (with power to add to their number) for the purpose 
of making experiments on the Transmission of Sound under Water ; and that 
the sum of £30 be placed at their disposal for the purpose. 

That Mr. Glaisher, Lord Wrottesley, Professor Phillips, Professor Tyndall, 
Dr. Lee, Mr. G. J. Symons, Mr. F. J. Bateman, and Mr. R. W. Mylne be a 
Committee for the purpose of continuing the Reports on the Rainfall of the 
British Isles ; and that the sum of £50 be placed at their disposal for that 

urpose. 

That the Astronomer Royal, Lord Wrottesley, Sir J. Herschel, Bart., Dr. Lee, 
Mr. W. De la Rue, and Mr. Glaisher (with power to add to their number) bea 
Committee for the purpose of examining the late Dr. Riimker’s Astronomical 
Observations in the Southern Hemisphere; and in case they should he of 
opinion that it is desirable these observations should be reduced for publica- 
tion, a sum of £150 be granted to Professor G. Riimker, M.A., for that 
purpose. 

That Mr, Thomas Fairley be requested to continue his researches on the 
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Polyeyanides of Organic Radicals ; and that £20 be placed at his disposal for 
that 


parpose. 
That Dr. Matthiessen be requested to investigate the chemical constitution 
of Cast Iron ; and that the sum of £50 be placed at his disposal for the 


That the Committee appointed at Bath (Sir Charles Lyell, Bart., Professor 
Phillips, Sir J. Lubbock, Bart., Mr. J. Evans, Mr. E. Vivian, and Mr. W. 
Pengelly) to investigate Kent’s Hole, Torquay, be requested to continue 
the exploration ; that Mr. W. Pengelly be the Secretary, and that the further 
mam of £200 be placed at their disposal for the purpose. 

That Messrs. W. 8. Mitchell, J. Prestwich, and H. Woodward be a Com- 
mittee for the purpose of investigating the Fossil-Leaf Bed in Alum Bay, - 
lale of Wight ; that the specimens be placed in the British Museum; and 
that the sum of £20 be placed at their disposal for the purpose. 

That Dr. E. Perceval Wright and Professor Harkness be a Committee for 
the purpose of assisting Mr. Brownrig in exploring the Kilkenny Coal 
Field; that the Fossils thus obtained be placed in some National museum ; 
and thst the sum of £20 be placed at their disposal for the purpose. 

That Professor Busk and Captain Spratt be a Committee for the purpose 
of continuing to assist Dr. Leith Adams in tho exploration of the Maltese 
Caverns ; and that the further sum of £30 be placed at their disposal for 
the purpose. 
That Sir Roderick I. Murchison, Professor Owen, the Earl of Ducie,.Sir 
Henry Rawlinson, and the Rev. H. B. Tristram be a Committee for the 
purpose of aiding the Palestine Exploration Fund in exploring the Geology, 
Geography, and Zoology of the Holy Land; and that the sum of £100 be 
placed at their disposal for the purpose. . 

That the Committee appointed at Bath, consisting of Mr. J. W. Salter, 
Mr. BR. Lightbody, Mr. Vicary, and Mr. J. E. Lee, be reappointed for the 
parpose of assisting Mr. Hicks in further excavations in the Lingula Flags at 
St. David’s; and that an illustrative suite of the Fossils be placed in the 
Museum of Practical Geology, Jermyn Street; and that the sum of £20 be 

at their disposal for the purpose. . 

That Mr. J. Bryce, Mr. Milne Home, and Mr. M‘Farlan be a Committee 
for the purpose of studying Earthquake Shocks in Scotland; and that the 
sum of £25 be placed at their disposal for the purpose. 

That Dr. E. Perceval Wright and Dr. Carte be a Committee for the pur- 
pose of reporting on the Irish Annelids ; and that the sum of £15 be placed 
at their disposal for the purpose. ; 

That Mr. A. Newton, Rev. H. B. Tristram, and Dr. Sclater be a Committee 
for the purpose of assisting Mr. E. Newton in his researches for the remains 
of the extinct Didine birds of the Mascareen Islands, and to report thereon 
at the next Meeting of the Association ; and that the sum of £50 be placed 
at their disposal for the purpose. 

That Mr. J. Gwyn Jeffreys, Mr. Robert M‘Andrew, Mr. Edward Waller, 
Rev. A. M. Norman, and Mr. H. K. Jordan be a Committee for the purpose 
of exploring the Coasts of the Hebrides by means of the dredge; and that the 
sam of £50 be placed at their disposal for the purpose. 

That Mr. J. Gwyn Jeffreys, Mr. C. Spence Bate, Mr. John Couch, Mr. B, 
Rowe, Mr. C. Stewart, and the Rev. Dr. Hincks be a Committee for inves- 
ugating the Marine Flora and Fauna of the southern coasts of Devon and 
Cornwall; and that the sum of £25 be placed at their disposal for the 


purpose, 
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That Mr. J. Gwyn Jeffreys, Rev. W. Gregor, and Mr. Robert Dawson be a 
Committee for the purpose of exploring the Coasts of Aberdeenshire and 
Banffshire; and that the sum of £25 be placed at their disposal for the 


P That Dr. Scott, Mr. C. Stewart, and Mr. H. 8S. Ellis be a Committee for 
the purpose of making experiments on Oyster Culture in the West of 
England; and that the sum of £10 be placed at their disposal for the 
purpose. 

That Mr. J. Gwyn Jeffreys, Dr. Collingwood, Rev. H. H. Higgins, Mr. 
Isaac Byerley, Dr. J. B. Edwards, and Mr. Thomas J. Moore be a Committee 
for the purpose of dredging the Estuary of the Mersey ; and that the sum of 
£5 be placed at their disposal for the purpose. 

That Dr. J. E. Gray, Mr. C. Spence Bate, and Mr. Frank Buckland be a 
Committee for the purpose of reporting on Oyster Culture; and that the sum 
of £25 be placed at their disposal for the purpose. 

That Sir John Lubbock Bart., Sir Henry Rawlinson, Mr. John Crawfurd, 
Professor Huxley, and Mr. Francis Galton be a Committee for the purpose 
of aiding the researches of Mr. George Busk on Typical Crania; and that the 
sum of £50 be placed at their disposal for the purpose. | 

That Dr. Barnard Davis, Professor Acland, and Professor Bolleston be a 
- Committee for the purpose ef preparing a Catalogue of Crania ; and that the 
sum of £50 be placed at their disposal for that purpose. 

That a grant of £10 be made to Dr. Richard Norris to enable him to 
pursue physiological experiments on Rigor Mortis. 

That a grant of £25 be made to Dr. B. W. Richardson to enable him to 
pursue his physiological experiments on the Amyl Series and allied organic 
compounds. 

That Sir John Bowring, Lord Wrottesley, The Right Hon. C. B. Adderley, 
Sir William Armstrong, The Astronomer Royal, Samuel Brown, W. Ewart, 
T. Graham, Sir John Hay, Bart., Professor Hennessy, James Heywood, Dr. 
Lee, Dr. Leone Levi, Professor W. A. Miller, Professor Rankine, Rev. Dr. 
Robinson, Colonel Sykes, W. Tite, Professor A. W. Williamson, James Yates, 
Sir Robert Kane, F. P. Fellows, C. W. Siemens, Matthew Arnold, Right 
Hon. Earl Fortescue, Dr. Dieterici, Follett Osler, Ralph Heaton, I. de 
Meschen, and P. Le Neve Foster (with power to add to their number), be a 
Committee, with power to use such measures as they may deem expedient for 
promoting the extensive use of the Metric System in scientific documents, as 
well as the teaching of the system in schools and colleges, and for the general 
information of the people ; that Professor Leone Levi be the Secretary, and 
at the sum of £50 be placed at their disposal for the fartherance of thesc 
objects. 

That the Patent Law Committee be reappointed, and that it consist of the 
following Members :—Mr. Thomas Webster, Sir W. G. Armstrong, Mr. J. F. 
Bateman, Mr. W. Fairbairn, Mr. John Hawkshaw, Mr. J. Scott Russell, Mr. 
John Bethel, and Mr. Peter Le Neve Foster ; and that the grant of £30, pre- 
viously made and not drawn, be renewed. 

That the Committee for the purpose of experimenting on the difference 
between the resistance of water to floating and to immersed bodies, consisting 
of J. Scott Russell, Mr. J. R. Napier, Professor Rankine, and Mr. W. Froude. 
be reappointed ; and that the sum of £50 be placed at their disposal for the 
purpose. 
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Applications for Reports and Researches not involving Grants 
of Money. 
That Professor Stokes be requested to continuo his Report on Physical 


That Professor Smith be requested to continue and conclude his Report on 
the Theory of Numbers. 

That Profeasor Wanklyn be requested to continue his Research on the 
Hexyhe Compounds. 

That the Committeo on Scientific Evidence in Courts of Law, consisting 
of the Rev. W. V. Harcourt, Professor Williamson, TheRight Hon. J. Napier, 
Wr. W. Tite, Professor Christison, Mr. James Heywood, Mr. J. F. Bateman, 
Mr. Thomas Webster, Sir Benjamin Brodie; Bart., and Professor W. A. 
Miller (with power to add to their number) be reappointed ; and that Pro- 
fessor Williamson be the Secretary. 

That Dr. Paul be requested to continue his Report on the Application of 
Chemistry to Geology. 

That Dr. Baker Edwards be requested to continue his Research on the 
Alkaloidal Principles of the Calabar Bean. 

That Mr. J. F. Spencer, not having been able to:complete his Report “ On 
the different modes of estimating the nominal horse-power of Marine En- 
gines, with a view of securing a uniform system,” be requested to continue 
his labours, and Report at the next Meeting. 

That the Gun-Cotton Committee, consisting of Mr. Fairbairn, Mr. Joseph 
Whitworth, Mr. James Nasmyth, Mr. J. Scott Russell, Mr. John Anderson, 
Sir Wiliam G. Armstrong, Dr. Gladstone, Professor W.A. Miller, Dr. Frank- 
land, and Mr. Abel, be reappointed and requested to continue their Report. 


Involving Application to Government. 


That Sir Roderick Murchison, Admiral R. Collinson, Admiral Ommanney, 
and Mr. C. R. Markham be a Committee for the purpose of representing to 
Her Majesty’s Government the advantage to several branches of Science 
that would be derived from the exploration of the unknown region around 
the North Pole. 


Communications to be printed in extenso. 


That the Addresses of the Presidents of the Sections be printed in extenso 
im the Transactions. 

That the Paper read by Mr. Follett Osler on September 11, “On the 
Horary and Diurnal Variations in the Motion of the Air,” with Diagrams 
illustrating the same, be printed tm extenso in the Reports of the Asso- 
ciation. 

That Mr. Bessemer’s Paper “On the Mannfacture of Cast Steel, its pro- 
gress and eraployment as a substitute for Wrought Iron,” be printed in extenso 
in the Transactions of the Sections. 


That the title of Section D be changed to Biology, and that the Council be 
charged with making the requisite arrangements. 

The Committee unanimously recommend that for the word “Subsection ” 
m the third paragraph of. the business of Sections the word “ Department” 
be substituted. 
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Synopsis of Granis of Money appropriated to Scientific Purposes by 
the General Committee at the Birmingham Meeting in: September 
1865. The names of the Members who would be entitled to call on 
the General Treasurer for the respective Grants are prefixed. 


co once Kew Observatory. £ os ad. 
Maintaining tho Establishment of Kew Observatory ........ 600 0 YU 
Mathematics and Physics. 
Glaisher, Mr.—Lunar Committce............ cece cece eens 100 0. O 
Williamson, Prof.— Electrical Standards .................. 100 0 O 
Glaisher, Mr.—Luminous Meteors and Aérolites .......... 50 0 O 
Sykes, Col.—Balloon Experiments ...........0 cee eeeeee 100 0 O 
Robinson, Dr.—Sound under Water (renewed) ............ 30 0 0O 
Glaisher, Mr.— British Rainfall .......... 0... cece cece 50 0 O 
" Airy, Mr.—Reduction of Riimker Observations ............ 150 0 0O 
Chemistry. 

Fairley, Mr.—Polycyanides of Organic Radicals .......... 20 0 O 
Matthiessen, Dr.—Chemical Constitution of Cast Iron(renewed) 50 0 O 
Geology. 

Lyell, Sir C.—Kent’s Hole Investigation ........ see e eens 200 0 O 
Mitchell, Mr.—Alum Bay Fossil Leaf Bed ................ 20 0 O 
Wright, Dr. E. P.—Kilkenny Coal-field ...............0.. 20 0 O 
Busk, Professor.—Maltese Caverns Explorations ,......... 30 0 O 
Murchison, Sir R.— Palestine Explorations .............. 100 O QO 
Salter, Mr. J. W.—Lingula Flags at St. David’s............ 20 0 O 
Bryce, Mr. J.—Researches on Earthquakes in Scotland ...... 25 0 O 

Loology, Botany, and Physiology. 
Wright, Dr. E. P.—Irish Annelida ............ 00.000 aeue 145 0 O 
Newton, Mr.—Didine Birds of Mascareen Islands .......... 50 0 O 
Jeffreys, Mr.— Hebrides Coast Dredging .................. 50 0 O 
Jeffreys, Mr.—Marine Fauna and Flora (Devon and Cornwall) 25 0 O 
Jeffreys, Mr.—Aberdeen and Banffshire Coast Dredging .... 25 0 QO 
Scott, Mr.—Oyster Culture in the West of England ........ 10 0 O 
Jeffreys, Mr.—Mersey Dredging .......... cece cece eeees 5 0 O 
Gray, Dr. J. E.— Oyster Culture ....... 0... cece cece eee 25 0 O 
Davis, Dr. Barnard.—Catalogue of Crania ..............00. 50 0 O 
Norris, Dr. Richard.—Observations on Rigor Mortis ........ 10 0 O 
Richardson, Dr. B. W.—Amyl Compounds ................ 25 0 O 
Geography and Ethnology. 
Lubbock, Sir J.—Typical Crania (renewed) ............ +. 50 0 0 
. Statistics and Economie Science. 
Bowring, Sir J.—Metrical Committee ........ 0... 00 eee 50 0 QO 
Mechanies. 

Webster, Mr.—Patent Laws (renewed) ............ 0000 30 0 O 
Ruseell, J. Scott, Mr.—Resistance of Water to Floating Bodies 50 0 O 

Total...... 21385 0 O 
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General Statement of Sums which have been paid on Aceount of Grants 
for Scientific Purposes. 


£ a d. 

1834. 
Tide Disemssions ..cccccccsescccsee 20 0 0 

1835. 
Tide Discussions .....cccs-cseceese 62 0 0 
British Fossil Ichthyology ...... 105 0 0 
£167 0 0 

1836. 
Tide Disenasions .......ccccsscsese 163 0 0 
British Fossil Ichthyology ..... . 105 0 0 
Thermemetric Observations, &c. 50 0 0 

Experiments on long-continued 

Heat SHES LHOSSSSSSCSSOSOSOHSSESSESCHEAADESE 17 1 0 
Rain-Ganges...ccccccceccccsssveeses 9 13 0 
Refraction Experiments ......... 15 0 0 
Lunar Natation.......c.ccsccssosees 60 0 0: 
Thermometers SCOBcn ee aeeseseesaaeses 15 6 0 


£434 14 0 


1837. 

Tide Diseusslons ...cccccscssssecee 284 1 0 
Chemical Constants .o.ssscccccosee 2413 6 
Lunar Nutation......0.cscccesssseee 20 0 0 
Oteervations on Waves..........5. 100 12 0 
Tides at Bristol......c.ssccesscccees - 150 0 0 

Meteorology and Subterranean 
Temperature ...ccccccsessccsseeee 89 5 0 
Vitification Experiments......... 150 0 0 
Heart Experiments ........0.0000. 8 4 6 
ie Observations .......... 30 0 0 
Barometers ...cccsccsccesssessssove 11:18 6 
£918 14 6 

1838, 

Tide Discussions ........c0cc000.. 29 0 0 
British Fossil Fishes ............ 100 0 0 

Meteorological Observations and 
Anemometer (construction)... 100 0 0 
Cast Iron (Strength of) ......... 60 0 0 

Anmal and Vegetable Substances 
(Preservation of) ............... 19 1 10 
y Constants ..........0.... 41 12 10 
Bristol Tides SOCaSSTSOSHSegceasGesene 50 0 0 
Growth of Plants Seeeesesecsseteeasse 75 0 0 
Med in Rivers ......cccccscssssceee 3 6 6 
Edacation Committee ...c.0.00 50 0 0 
Heart Experiments ............... 5 3 0 
Land and Sea Level............00 267 8 7 
Sebterranean Temperature ...... 8 6 0 
Steam-vessels........ scccesccccscccce 100 0 0 
Metecrological Committee ...... 31 9 5 
Thermometers SHaecsessPeesesenvesve 16 4 0 
£956 12 2 


1 839. 


Fouil Ichthyology.......ssceressees 110 0 


Meteorological Observations at 
Plymouth SeSSOSo Hees esS ogee etaco 
Mechanism of Waves 


C6eeve senses ovelectesesy 


63 10 


Beetebessove 144 2 


35 18 


& 2. 

Meteorology and Subterranean 
Temperature .,...cccoccsccessccee 21 Il 
Vitrification Experiments........ 9 4 
Cast Iron Experiments..,......... 100 0 
Railway Constants ......scccc0. 28 7 
Land and Sea Level.........cc... 274 1 
Steame-vessels’ Engines .......0... 100 0 
Stars in Histoire Céleste ...... eos S31 18 
Stars in Lacaille .....ccccssscscee IL 0 
Stars in R.A.S. Catalogue......... 6 16 
Animal Secretions.............00008 10 10 
Steam-engines in Cornwall ...... 50 0 
Atmospheric Air wccccsssecccseveee 16 1 
Cast and Wrought Iron.......0.... 40 0 
Heat on Organic Bodies ......... & 9 
Gases on Solar Spectrum ......0.. 22 0 

Hourly Meteorological Observa- 
tious, Inverness and Kingussie 49 7 
Fossil Reptiles ........ sccccsceseoee 118 2 
Mining Statistics ......csccsc.. 50 0 
£1595 11 


1840, 


Bristol Tides PSSCoHeeeresseseseesesacy 100 0 


@(/O 6 @ eooeoeoeandoqacanhwooneo 


0 
Subterranean Temperature ...... 13 13 6 
Heart Experiments ....0...0s:0008 1819 0 
Lungs Experiments ......00...0008 813 0 
Tide Discussions ........cccsccee 50 0 0 
Land and Sea Level .........s0008 6 11 1 
Stars (Histoire Céleste) ......... 242 10 0 
Stara (Lacaille) .....-...cevcccsseeee 415 0 
Stars (Catalogue) .......-.sccccoee 264 0 0 
Atmospheric Air ...cccscoscossseee 1515 0 
Water on Iron escece oeneeevesnvened 10 0 O 
Heat on Organic Bodies ........ 7 0 0 
Meteorological Observations...... 5217 6 
Foreign Scientific Memoirs ...... 112 1 6 
Working Population .....-...ss00 100 0 90 
School Statistics....,.ccccscccsssoee 50 0 0 
Forms of Vessels ......scsscossose 184 7 0 
Chemical and Electrical Pheno- 
TENA wececcsccscccscvecccccessccees 40 0 0 
Meteorological Observations at 
Plymouth ...ccccccsccecrecsceseen 80 0 0 
Magnetical Observations ...,..... 185 13 9 
. £1546 16 4 
petal 


1841, 

Observations on Waves......scc.ec 
Meteorology and Subterranean 

Temperature .......sssecsscoesene 
Actinometers........- PPTTTTTT TT TT 
Earthquake Shocks .......cccssses 
Acrid Poisons..........ccccccsscceces 
Veins and Absorbents .....0...000 
Mud in Rivers ....cescosccccsceccee 
Marine Zoology......cccccssecceceee 
Skeleton Maps .,..ccccscscesssovens 
Mountain Barometers ...cc0..000: 
Stars (Histoire Céleste).......0s000 


eoaoqonooooodce i) 
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£ ad. 
Stars (Lacaille) ...cccccsscsccccrre 79 5 0 
Stars (Nomenclature of) ......... 17 19 6 
Stars (Catalogue of) ............... 40 0 0 
Water on Iron .....0008. 50 0 0 
Meteorological Observations at 
Inverness ...cce.ssccccseess coor 20 0 0 
Meteorological Observations (ree 
duction Of) crcccssscsscserssceee 25 0 0 
Fossil Reptiles ....ccscccesssecoreee 50 0 0 
Foreign Memolrs ......s00..000 . 62 0 0 
Railway Sections .........00..... 38 1 6 
Forms of Vessels ....csccessessooee 193 12 0 
Meteorological Observations at 
Plymouth ....cccsscecees eoeeeceee 65 0 0 
Magnetical Observations ......... 6118 8 
Fishes of the Old Red Sandstone 100 0 0 
Tides at Lelth ......ccccssseceeee 50 0 0 
Anemometer at Edinburgh ...... 69 1 10 
Tabulating Observations cocoons 9 6 8 
Races of Men cic.sssocsscocserees 5 0 0 
Radiate Animals .....ccccc0 2 0 0 
£235 10 11 
1842. 
Dynamometric Instruments ...... 113 11 2 
Anoplura Britannise ......00000008 52 12 0 
— Tides at Bristol.........scccee. 59 8 0 
Gases on Light .......ccscscsocccree 30 14 7 
Chronometers .....sccsssocesseseee 26 17 6 
Marine Zoology......cccsccccsronee 1 5 0 
British Fossil Mammalia ......... 100 0 0 
Statistics of Education ............ 20 0 0 
Marine Stearm-vessels’ Engines... 28 0 0 
Stars (Histoire Céleste)............ 59 0 0 
Stars (Brie Assoc. Cat. of) ...... 110 0 0 
Railway Sections .........cccco... 161 10 0 
British Belemnites.......00......... 50 0 0 
Fossil Reptiles (publication of 
Report) webenctdeaceceeaecccveceece 10 0 0 
Forms of Vessels ............000... 180 0 0 
Galvanic Exporiments on Rocks 5 8 6 
Meteorological Experiments at 
Plymouth .......ccccccsccssseense 68 0 0 
Constant Indicator and Dynamo- 
metric Instruments ..........0. 90 0 0 
Force of Wind SCSSSBoveses ©00e00S66 10 0 0 
Light on Growth of Seeds ...... 8 0 90 
Vital Statistion ......ccccsscccseseee 50 0 0 
Vegetative Power of Seeds ...... 8 1 11 
Questions on Haman Race...... 7 9 0 
£iaag ue 8 
1843, 
Revision of the Nomenciature of A 
SVVSHH 0 SHSSSSSSSTHHHHHSHEHSHOBVES 0 0 
Redaction of Stars, British Asso- 
ciation Catalogue ............... 25 0 @ 
Avomalous Tides, Frith of Forth 120 0 6 
Beurly Meteorological Observa- 
tions at Kingussie andInverness 77 12 8& 
Observations at 
Pt th BWSQvloseeave Gen aveseses $3 @ @ 
Whewell’s Metecrclegical Ane- 
waeuneter at Plymoath ....... 10 0 0 


Ss ad. 
Meteorological Observations, Os- 
ler’s Anemometer at Plymouth 20 0 0 
Reduction of Meteorological Ob- 
SErvations ......ccccce.seaee eoooee 30 0 0 
Meteorological Instruments and 
Gratuities ...ccccssvcsstsecsscscse 89 6 O 
Construction of Anemometer at 
Inverness ...ccccccccsccrsssconeee 5612 2 
Magnetic Cooperation soncoss 10 8 10 
Meteorological Recorder for Kew 
Observatory .....cccccrcsecccenre 909 O 0 
Action of Gases on Light oencesees 18 16 | 
Establishment at Kew Obserya- 
tory, Wages, Repairs, Furni- 
ture and Sundries .........00000 188 4 7 
Experiments by Captive Balloons 81 8 0 
Oxidation of the Rails of Railways 20 0 0 
Publication of Report on Fossil 
Reptiles ....... eceseces cccsssecseee £0 OF 0 
Coloured Drawings of Railway 
Sections ,......+.... oerceesercccss 14718 3 
Registration of Earthquake 
Shocks ......c00...006 ceeseccees . 80 0 0 
Report on Zoological Nomencla- 
CUTE coccssseeoee tee coors 10 0 0 
Uncovering Lower Red Sand- 
stone near Manchester ..... 2 
Vegetative Power of Seeds ...... 5 3 8 
Marine Testacea (Habits of ) -- 10 O 0 
Marine Zoology.........-scecccorwe 10 0 0 
Marine Zoology... .s+...sescsssesece 214 11 
Preparation of Report on British , 
Fossil Mammalia ............06 - 100 O 0 
Physiological Operations of Me ' 
dicinal Agents ....... ececcecee . 20 0 0 
Vital Statistics ......cccc.cscccecece 36 5 8 
Additional Experiments on the 
Forms of Vessels ....00.....++ - 70 0 0 
Additional Experiments on the 
Forms of Vessels ...........0... 100 0 0 
Reduction of Experiments on the 
Forms of Vessels ............006 100 0 0 
Morin’s Instrument and Constant 
Indicator ........000s ecccevecsone 69 14 10 
Experiments on the Strength of 
Materials .........ccsccccccscenes 60 0 0 
£1565 10 2 
Sa 
1844. 
Meteorological Observations at 
Kingussie and Inverness ...... 12 © 6 
Completing Observations at Ply- 
mouth ....... Se ensecccercenccess 35 0 90 
Magnetic and Meteorological Co- 
OPCTALION .....ccccccccecaceecse 25 8 ¢ 
Publication of the British ‘Asso- 
ciation Catalogue of Srars...... 35 0 0 
Observations on Tides on the 
East coast of Scotland ......... 100 0 0 
Revision of the Nomenciature of 
STOPS .....cencescecccccnes 1842 2 9 6 
Maintaining the Establishment in 
Rew Observatery ...cccccscssee 117 17 = 3 
| tustruments for Kew Observatcry 56 7 3 


GENERAL BTATEMENT. 


£ 8 d. 
lefeeace of Light on Plants...... 10 0 0 
Schterraneous Temperature in 
eeeresesccccscceccteseccnce 0 0 
Celeered Drawings of Railway 
SectiomS ......--cccccocessese coceee 15 17 6 
lstestigation of Fossil Fishes of 
the Lower Tertiary Strata ... 100 0 0 
Registering the Shocks of Earth- 
quakes .......se00. ecescnces 1842 28 11 10 
Scractare of Fossil Shells ........ - 20 0 0 
Rahata and Mollusca of the 
Egean and Red Seas .....1842 100 0 0 
Geographical Distributions of 
Marine eeccccccnces 1842 010 0 
Marine Zoology of Devon and 
Cornwall ...... eecene wecenseactse 10 0 0 
Marine Zoology of Corfu ........ 10 0 0 
Experiments on the Vitality of 
Seeds ..0....cccercoesccecee seecnece 0 3 
Experiments on the Vitality of 
Seeds .c....ccse0e wencccsceces 1842 8 7 3 
Exotic UTE ..csescesessseccee 15 0 0 
Scrength of Materials ..........«. 100 0 0 
Completing Experiments on the 
Forms of Ships ...... ecocsccsesee 100 0 0 
lnquiries into Asphyxia ......... 10 0 0 
lavestigations on the Internal 
Constitution of Metals ..... .. 50 0 0 
Constant Indicator and Morin’s 
Instrument, 1842 ....0..00.0--- 10 3 6 
£981 12 8 
1845. 
Publication of the British Associa- 
ton Catalogue of Stars ......... 351 14 6 
Meteorological Observations at 
lnverness ..... ee ceccccccccnee «. 30 18 Il 
Magnetic and Meteorological Co- 
operation SO BHESHHCREBACESES ennece 16 16 8 
Meteorological Instruments at 
Edinburgh .......c.ccesceccesesees 18 11 9 
Redoction of Anemometrical Ob- 
servations at Plymouth ......... 25 0 0 
wal Experiments at Kew 
Observatory ...ccccccsssscsssrece 43 17 8 
Maintaining the Establishment in 
Kew Observatory .........c:00 . 149 15 0 
For Kreil’s Barometrograph...... 25 0 0 
Gases from Iron Furnaces ...... 50 0 0 
The Actinograph ......02.cssssseee 15 0 0 
Microscopic Structure of Shells... 20 0 0 
Exotic Anoplura .....+......1843 10 0 0 
Vitality of Seeds...... ececceces 1843 2 0 7 
Vitality of Seeds..........0000 1844 7 0 0 
Marine Zoology of Cornwall...... 10 0 0 
Physiological Action of Medicines 20 0 0 
Statistics of Sickness and Mor- 
tality in York .......000. seccees 20 0 O 
Earthqiake Shocks ..........1843 15 14 8 
£830 9 9 


- 1846, 
British Association Catalogue of 


xivii 
& 8s d. 
Fossil Fishes of the London Clay 100 0 6 
Computation of the Gaussian 
Constants for 1839.......ccc0.. 50 0 0 
Maintaining the Establishment at 
Kew Observatory ...cccccscseeee 146 16 7 
Strength of Materials,......0....... 60 0 0 
Researches in Asphyxia............ 616 2 
Examination of Fossil Shells...... 10 0 0 
Vitality of Seeds ........000. 1844 215 10 
Vitality of Seeds ............ 1845 712 8 
Marine Zoology of Cornwall...... 10 0 0 
Marine Zoology of Britain ...... 10 0 0 
Exotic Anoplura .........001844 25 0 0 
Expensesattending Anemometers 11 7 6 
Anemometers’ Repairs............ 2 3 6 
Atmospheric Waves .......0..0... 3 3 $8 
Captive Balloons ......... 1844 8 19 3 
Varieties of the Human Race 
1844 7 6 3 
Statistics of Sickness and Mor- 
tality in York See sereresecccceee 12 0 0 
£685 16 0 
1847. 
Computation of the Gaussian 
Constants for 1839 .........0. 50 0 0 
Habits of Marine Animals ...... 10 0 @ 
Physiological Action of Medicines 20 0 0 
Marine Zoology of Cornwall ... 10 0 90 
Atmospheric Waves .........00.0.. 6 9 3 
Vitality of Seeds ........sscceceeee 477 
Maintaining the Establishment at 
Kew Observatory .sccsccscsscese 1 8 6 
$208 5 4 
oe) 
1848. 
Maintaining the Establishment at 
Kew Observatory ......ccccccoes 171 15 11 
Atmospheric Waves .....0.00...0 33 10 9 
Vitality of Seeds ...ccccccccscccee 9 15 O 
Completion of Catalogues of Stars 70 0 0 
On Colouring Matters ......00000 5 0 0 
On Growth of Plants.............. 15 0 0 
£275 1 8 
1849, 
Electrical Observations at Kew 
Observatory ........000. coccersee 50 0 O 
Maintaining Establishnient at 
ditto ...... Coecccascacseosscsces - @6 2 5 
Vitality of Seeds .........0. corse 5 8 1 
On Growth of Piants......... coore «SF OO OO 
Registration of Periodical Phe- 
NOMENA 2... ce ccccnccccovseccses 2 10 0 O 
Bilt on account of Anemometrical 
Observations socceccsessesssoreere 13 9 0 
£159 19 6 
eS 


1850, 
Maintaining the Establishment at 


Kew Observatory ....ccscseoseee 2559 18 O 
Stars ccccccvccccecccsececcees LOS4 211 15 0 j Transit of Earthquake Waves oe 50 O 0 


xlviil 


£ ss. d. 

Periodical Phenomena ..........2. 15 0 0 
Meteorological Instrument, 

Azores PTY YTTIIIITI ITT ITT k tt 25 0 0 


£345 18 0 
a 


1851. 
Maintaining the Establishment at 
Kew Observatory (includes part 


of grant in 1849) ...,...sess000. 309 2 
Theory of Heat.......ccssccsocseeee 20 1 1 
Periodical Phenomena of Animals 

and Plants .......ccccccenseesessees 5 O 0 
Vitality of Seeds ....cc.scesovreee 5 6 4 
Influence of Solar Radiation...... 30 0 0 
Ethnological Inquiries ............ 12 0 0 
Researches on Annelida ......... 10 0 0 

£391 9 7 
1852. 
Maintaining the Establishment at 

Kew Observatory (including 

balance of grant for 1850) ... 233 17 8 
Experiments on the Conduction 

Of Heat ....ccccssccccessces corres OF 2 OY 
Influence of Solar Radiations ... 20 0 0 
Geological Map of Ireland ....... 15 0 0 
Researches on the British Anne- 

Vidar.....cesrcecccccces csecessseesee 10 0 O 

- Vitality of Seeds ...........0000... 10 6 2 
Strength of Boiler Plates ......... 10 0 0 
£304 6 7 
1853. 
Maintaining the Establishment at 

Kew Observatory ............... 165 0 0 
Experiments on the Influence of 

Solar Radiation......ccc.cccooee 15 0 0 
Researches on the British Anne- 

1dA....ecscccscscsccescesces coscosceee 10 0 0 
Dredging on the East Coast of 
Scotland......cosssssessscssseesese 10 0 0 
Ethnological Queries ............ 5 0 0 
£205 0 QO 
1854. 
Maintalning the Establishment at 

Kew Observatory (including 

balance of former grant) ...... 380 15 4 
Investigations on Flax ............ 11 0 0 
Effects of Temperature on 

Wrought Iron ............. sees 10 0 O 
Registration of Periodical Phe- 

NOMENA oo ccccreccsccccssecssece -- 10 0 0 
British Annelida ............. vooee 10 0 O 
Vitality of Seeds .........c..0c008 85 2 8 
Conduction of Heat ............... 42 0 

£380 19 7 
1855. 
Maintaining the Establishment at 

Kew Observatory ...........0... 425 0 0 
Earthquake Movements .......... 10 0 0 
Physical Aspect of the Moon...... 11 8 5 
Vitality of Seeds seccececssssccscee 10 7 I 
Map of the World soscssvececccessee 15 O 0 
Ethnological Queries ecosccssvese «©65FlCUOlCOO 
Dredging near Belfast .j.4..... 4 0 0 

£480 16 4 
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1856. 
Maintaining the Establishment at 
Kew Observatory :— 
° 1854...00.8 75 0 0 
1855......5500 0. of S75 0 0 
Strickland’s Ornithological Syno- 
nyms SSHKSSTCHOS SESSA SOEGHOEHESHLEOHEE 100 0 0 
Dredging and Dredging Forms... 918 9 
Chewical Action of Light......... 20 0 0O 
Strength of Iron Plates............ 10 0 O 
Registration of Periodical Pheno- 
TENA cescccccesecscccncsscssessecce 10 O QO 
Propagation of Salmon ............ 10 0 O 
£734 13 9 
1857. 
Maintaining the Establishment at 
Kew Observatory oc...ccscs00002 350 0 0 
Earthquake Wave Experiments... 40 0 O 
Dredging near Belfast ............ 10 0 @O 
Dredging on the West Coast of 
Scotland,......csccssscessssccseeee 10 0 0 
Investigations into the Mollusca 
Of California ........ccccccreee 10 0 0 
Experiments on Flax ......... 5 0 @ 
Natural History of Madagascar.. 20 0 0 
Researches on British Annelida 25 0 0 
Report on Natural Products im- 
ported into Liverpool ......... 10 0 0 
Artificial Propagation of Salmon 10 0 0 
Temperature of Mines ......... -. ¢ 8 O 
Thermometers for Subterranean 
Observations ..rcccccrsccccrsorere 5 7 4 
Life-Boats Ceeeoaneeseleereogveneces see 5 0 0 
£507 15 4 
1858. 
Maintaining the Establishment at 
Kew Observatory .s.,...ssecc00e 500 0 0 
Earthquake Wave Experiments... 25 0 0 
Dredging on the West Coast of 
Scotland CORDS S SECT OOS OLE DEOABETEE 10 0 0 
Dredging near Dublin ............ 5 0 O 
Vitality of Seeds .........c00000 5 5 O 
Dredging near Belfast ........... 18 18 2 
Report on the British Annelida... 25 0 0 
Experiments on the production 
of Heat by Motion in Fluids... 20 0 0 
Report on the Natural Products 
imported into Scotland .,....... 10 0 0 
“£618 18 2 
1859. 
Maintaining the Establishment at 
Kew Observatory .....csssssesee 500 0 0 
Dredging near Dublin .,.......... 15 0 0 
Osteology of Birds..,......c0c000e 50 0 0 
Irish Tunicata ........cccccsescree 5 O 0 
Manure Experiments ............ 20 0 0 
British Medusidee ......,.....0.4.2 5 0 0 
Dredging Committee........ secre 5S O 0 
Steam-vessels’ Performance...... 5 0 0 
Marine Fauna of South and West 
Of Treland ....00....cssescersrreee 10 0 0 
Photographic Chemistry ......... 10 0 0 
Lanarkshire Fossils ..........0000. 20 0 1 
Balloon Ascents,,ccsccsseevssecereee 39 11 0 
£684 11 1 


. GENERAL STATEMENT. xlix 
1860. £ « a. £ «ad 
Miietiising the Establishment Balloon Committee ...........000 200 0 0 
of Kew Observatory .......... «- 500 0 O | Dredging Dublin Bay ............ 10 0 0 
Dredging near Belfast............. 16 6, 0 | Dredging the Mersey ............ 5 0 0 
Dredging in Dublin Bay....... eee 15 0° O | Prison Diet ..............ccceeecees 20 0 0 
bnqsiry into the Performance of Gauging of Water...........cseseee 12 10 0 
VESSELS ..,.22..ccccccnc scene 124 0 0 | Steamships’ Performance......... 150 0 0 
Eiplorations in the Yelluw Sand- Thermo-Electric Currents ...... 5 0 0 
sone of Dura Den.........020-0+ 20 0 0 £1993 166 

Chemico mechanica! Analysis of ————a 

Rocks and Minerals ..........0+« 25 0 0 1863. 

Researches on the Growth of Maintaining the Establishment 
Plants.........cccccccnccccecceccces 10 0 0 of Kew Ubservatory............ 600 0 0 
Researches on the Solubility of Balloon Committee deficiency... 70 0 0O 
Salts.....c...cos co. accosccececces 0 0 | Balloon Ascents (other expenses) 25 0 0 
Researches on the Constituen({s Entozoa.........0» Pn vvcccevarenccsces 25 0 0 
of Manures ...........ccse neccocecs 25 0 OQ | Coal Fossils ................000 ... 20 0 O 
Balance of Captive Balloon Ac- Herring .........cscscsecceccseeseces 20 0 0 
CORDES... .ccoccoce.cncacccecccccesee 113 6 | Granites of Donegal.............. - 56 0 0 
‘£1417 0 Prison Diet............ oe eccnceresces 20 0 0 
amma | Vertical AtmosphericMovements 13 0 0 
1861. Dredging Shetland ............... 50 0 0 

Maintaining the Establishment Dredging North-east coast of 
of Kew Observatury ............ 500 0 0 Scotland . ose 25 0 0 

Experiments......... 25 0 0 | Dredging Northumberland and 

Dredging North and East Coasts Durham............cssseseseree w» 17 310 

of Scottand......000ceeecssoee wee 23 0 © | Dredging Committee superin- 

Dredging Committee :-— tendence ............. socaceeacares 10 0 0 
1860...... £50 0 0 Steamship Performance ......... 100 0 0 
1861... £22 0 of /2 © © | Balloon Committee ............... 200 0 0 

Excavations at Dura Den......... 20 0 6 | Carbon under pressure............ 10 0 0 

Selubility of Salts .........0s000... 20 0 0 | Volcanic Temperature ....,....... 100 0 0 

Steam-vessel Performance ...... 150 0 0 | Bromide of Ammonium ......... 8 0 0 

Fossils of Lesmahago ......000... 15 0 © | Electrical Standards............... 100 0 0 

Explorations at Uriconium ...... 20 0 0 | —— Construction and distribu- 

Chemical Alloys .ceccccsceceveense 20 0 0 C0) re 40 0 0 

ClassiBed linden to the Transac- Luminous Meteors .............. 17 0 0 

HORS oss. cesssseeesereceteeens 100 0 0 | Kew Additional "Bidings fa for 100 
in the Mersey and Dee 0 Photoheliograph ............... 0 0 

Dp Cinkcn ne Mersey and Dee 30 0 0 | Thermo-Electicity venus 18 0 0 

Photoheli ervations 50 0 oO | Analysis o SB ecccesceeenees 0 

Priaou Cee phic Obser vecueees .. 20 0 OQ | Hydroids ........ dba ceseceeuseseeene 10 0 0 

Ganging of Water.........- ecccecen 10 0 0 £1608 3 10 

Alpine Ascents ...... ceccccccccceses 6 5 1 1864. ————e 

Coustituents of Manures ......-.. 25 0 0 Maintaining the Establishment 

Zliil 5 10 of Kew Observatory............ 600 0 
1862. mm 1 Coal Fossils ............sscssesseees 20 0 

Kinaing the Balishen Veruca Atmowptic Move ogg 

i Kew Observatory -...00...... 500 0 0 Dredging Shetland ............ . 729 0 

‘ the Laws ........seerccsseees v5 21 6 0 | Dredging Northumberland ...... 25 0 

x heca of N.-W. America...... . 18 0 © | Balloon Committee ...... sesesesee 200 0 

atural History by Mercantile Carbon under pressure............ 10 0 

Tidal ee sresececccscovees Py p Standards of Electric Resistance 100 0 

Pachciometer at Kew cenee 40 0 0 | Hydride vnc, 10 0 

By iosraphic Pictures of the Sun 150 0 0 | Askham’s Gift ............ vesseasee 500 
of Donegal ....++.20--00002 25 0 0 | Nitrite of Amyle ............ wees 10 0 

Dredging Durham and North- 25 0 0 Nomenclature Committee ...... 5 0 

Coccoeccucs wonvceeeocs Rain-Gau CB wn cccvccctusccns. soncese 19 15 

Coaverion of Storms......... severe 20 0 0 | Cast Iron Investigation seseeenee 20 0 

means North-East Coast of Tidal Observations inthe Humber 50 0 
er ta soreerececcsoes § A , Spectral Rays ..............00. bee A 0 

ral i of Electrical Resistance 50 0 0 Luminous Meteors ......... pe - 

Railway Accidents ..ssc.00.. 10 0 0 eco PS 8 
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1865. £ s. d. £ «a. d. 
Maintaining the Establishment Oyster Breeding ..............s08- 25 0 0 
of Kew Observatory ............ 600 0O O | Gibraltar Caves Researches ... 150 0 O 
Balloon Committee ............0.. 100 0 O | Kegt's Hole Excavations......... 100 0 O 
Hydroida .........c.ccccsesseceseees 13. 0 0 | Moon’s Surface Observations... 35 0 O 
Rain-Gauges .........0....ceseeecees 30 @ O | Marine Fauna ...............c00+ 25 0 O 
Tidal Observationsinthe Humber 6 8 0 | Dredging Aberdeenshire ......... 25 0 O 
Hexylic Compounds............... 2) Q O | Dredging Channel Islands ...... 60 0 0 
Amyl Compounds............0+.00 20 90 0 | Zoological Nomencliature......... 5 0 O 
Irish Flora ...cecsssrecssssseacosee 29 QO O | Resistance of Floating Bodies in 
American Mollusca ...:...0....+0. 39 0 Water ......ceccscscc-cenersecees 100 0 O 
Organic Acids ............cccessers 20 0 O | Bath Waters Analysis ............ 810 0 
Lingula Flags Excavation ...... 10 0 4 Luminous Meteors ............... 400 0 0 
Urypterus .........ccccscscecveeee 50 0 mIROL 7 an 
Electrical Standards.............. 100 0 0 £1591 7 10 
Malta Caves Researches ..... . 33 0 0 


Extracts from Resolutions of the General Committee. 


Committees and individuals, to whom grants of money for scientific pur- 
poses have been entrusted, are required to present to each following meeting 
of the Association a Report of the progress which has been made; with a 
statement of the sums which have been expended, and the balance which re- 

mains disposable on each grant. 

* Grants of pecuniary aid for scientific purposes from the funds of the Asso- 
ciation expire at the ensuing meeting, unless it shall appear by a Report that 
the Recommendations have been acted on, or a continuation of them be 
ordered by the General Committee. 

In each Committee, the Member first named is the person entitled to call on 
the Treasurer, William Spottiswoode, Esq., 50 Grosvenor Place, London, 8.W., 
for such portion of the sum granted as may from time to time be required. 

In grants of money to Committees, the Association does not contemplate 
the payment of personal expenses to the members. 

In all cases where additional grants of money are made for the continua- 
tion of Researches at the cost of the Association, the sum named shall be 
deemed to include, as a part of the amount, the specified balance which may 
remain unpaid on the former grant for the same object. 


General Meelings. 

On Wednesday Evening, September 6, at 8 p.m., in the Town Hall, Sir 
Charles Lyell, Bart., M.A.,D.C.L., LL.D., F.R.S., F.G.S., resigned the office of 
President to Professor John Phillips, M.A., LL.D., F.R.S., F.G.S., who took 
the Chair, and delivered an Address, for which see page li. 

On Thursday Evening, September 7, at 8 p.u., a Soirée took place in the 
Town Hall. 

On Friday Evening, September 8, at 8.30 p.u., in the Town Hall, Joseph 
Becte Jukes, Esq., F.R.S., F.G.8., delivered a Discourse on the “ Probabili- 
tics as to the Position and Extent of the Coal-Measures beneath the Red 
Rocks of the Midland Counties.” 

On Monday Evening, September 11, at 8 p.u., a Soir¢e took place at the 
Exhibition of the Society of Artists. 

On Tuesday Evoning, September 12, at 8 p.m., a Soirée took place in the 
Town Hall. 

On Wednesday, September 13, at 3 p.w., the concluding General Meeting 
took place, when the Proceedings of the General Committee, and the Cirants of 
Moncy for Scientific purposes, were explained to the Members. 

Tho Meeting was then adjourned to Nottingham *. 


* Tho Mocting is appointed to take place on Wednesday, August 22, 1866. 
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JOHN PHILLIPS, 


M.A. OXON.; LL.D. DUBLIN; F.R.S.; F.G.8.; ETC. 


Asmustep for the third time in this busy centre of industrious England, 
amid the roar of engines and the clang of hammers, where the strongest 
powers of nature are trained to work in the fairy chains of art, how softly 
falls upon the ear the accent of Science, the friend of that art, and the 
guide of that industry! Here, where Priestley analyzed the air, and Watt 
obtained the mastery over steam, it well becomes the students of nature to 
gather round the standard which they carried so far into the fields of know- 
ledge. And when, on other occasions, we meet in quiet colleges and Aca- 
demie halls, how gladly welcome is the union of fresh discoveries and new 
inventions with the solid and venerable truths which are there treasured and 
taught. Long may such union last; the fair allianeo of cultivated thought 
and practical skill ; for by it labour is dignified and science fertilized, and the 
condition of human society exalted ! 

Through this happy combination of science and art, the young life of the 
British Association—one-third of a century—has been illustrated by disco- 
veries and enriched by useful inventions in a degree never surpassed. How 
else could we have gained that knowledge of the laws of nature which has 
added to the working strength of a thousand millions of men the mightier 
power of steam *, extracted from the buried ruins of primeval forests their 
treasured elements of heat and light and colour, and brought under the con- 
trol of the human finger, and converted into a messenger of man’s gentlest 
thoughts, the dangerous mystery of the lightning ¢ ? 

How many questions have we asked—not always in vain—regarding the 
constitution of the earth, its history as a planet, its place in creation ;—now 
probing with sharpened eyes the peopled space around— peopled with a thou- 
sand times ten thousand stars ;—now floating above the clouds in colder and 
clearer air ;—now traversing the polar ice—the desert sand—the virgin 
forest—the unconquered mountain ;—now sounding the depths of the ocean, 
or diving into the dark places of the earth. Everywhere curiosity, every- 


* The quantity of coal dug in Great Britain in the year 1864 appears by the returns of 
Mr. BR Hunt to have been 92,787,873 tons. This would yield, if employed in steam- 
engines of good construction, an amount of available force about equal to that of the 
whole human race. But in the combustion of coal not less than ten times this amount of 
force io actually set free—nino-tenths being at present unavailable, according to the state- 
ment of Bir William Armstrong, in his Address to the Meeting at Newcastle in 1863. 

¢ The definite magnetic effect of an electrical current was the discovery of Oersted in 
1819; Cooke and Wheatstone’s patent for an Electric Tel2graph is dated in1837 ; the first 
mewmage across the Atlantic was delivered in 1858. Tante molis erat. 5 
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where uiscovery, everywhere enjoyment, everywhere some useful and there- 
fore some worthy result. Life in every form, of every grade, in every stage; 
man in every clime and under all conditions; the life that now surrounds 
us, and that which has passed away ;—these subjects of high contemplation 
have been examined often, if not always, in the spirit of that philosophy 
which is slowly raising, on a broad security of observed facts, sure induc- 
tions, and repeated experiments, the steady columns of the temple of physi- 
truth. 

Few of the great branches of the study of nature on which modern philo- 
sophy is intent were left unconsidered in the schools of Athens; hardly one 
of them was or indeed could be made the subject of accurate experiment. 
The precious instruments of exact research—the measures of time, and space, 
and force, and motion—are of very modern date. If instead of the few 
lenses and mirrors of which traces appear in Greek and Roman writers *, 
there had been even the first Galilean or the smallest Newtonian telescope in 
the hands of Hipparchus, Eratosthenes, or Ptolemy, would it have been left 
to their remote successors to be still struggling with the elements of physical 
astronomy, and waiting with impatience till another quarter of a century 
shall have rolled away and given us one more good chance of measuring the 
distance of the Sun ‘by the transit of Venus? Had such instruments as 
Wheatstone’s Chronoscope been invented, would it have been left to Foucault 
to condense into his own apartment an experimental proof of the velocity of 
light, and within a tract of thirty feet to determine the rate of its movement 
through all the vast planetary space of millions and thousands of millions of 
miles, more exactly than had been inferred by astronomers from observa- 
tions of the satellites of Jupitert? By this experiment the velocity of light 
appears to be less, sensibly less, than was previously admitted; and this con- 
clusion is of the highest interest. For, as by assuming too long a radius for 
the orbit of Jupiter the calculated rate of light-movement was too great; so 
now by employing the more exact rate and the same measures of time we 
can correct the estimated distance of Jupiter and all the other planets from 
the sun. We have in fact a really independent measure of planetary space; 
and it concurs with observations of the parallax of Mars, in requiring a con- 
siderable reduction of the assumed diameters of the planetary paths. The 
distance of the earth from the sun must be reduced from above ninety-five 
to less than ninety-three millions of miles, and by this scale the other space- 
measures of the solar system, excepting the diameter of the earth and the 
distance and diameter of the moon, may be corrected f. 


* The effect of lenses or globes of glass or crystal (daXor) in collecting the solar raya 
to a point are familiarly referrrd to by Aristophanes in the Nubes, 766 ; and the orna- 
mental use of convex and concave reflectors is known by the curious discussions in the 
IVth Book of Lucretius. 

+ Fizeau performed experiments on the velocity of light between Suresnes and the 
Butte Montmartre, by means of the oxyhydrogen light, reflected back in ita own path. 


. . 1 
The space was 28,324 feet Engl. Twice this distance was travcreed in 18,000 of a 


second = 167,528 geogr. miles in a second. From observations of Jupiter's satellites De- 
lambre inferred 167,976 miles, Struve 166,096. The experiment of M. Foucault gives 
298,000,000 metres = 160,920 geogr. miles. 

t Estimates of the earth’s distance from the sun have varied much. Cassini and 
Flam steed, using observations of the parallax of Murs, ascribe to it 10,000 or 11,000 
diametera of the earth=79 or 89 millions of miles. Huyghens estimated it at 12,000— 
95 millions of miles. In 1745, Buffon reported it as the common opinion of astronomers 
at 30 millions of leagues (Fr.)=90 millions miles (Engl.), but after the transit of Venus 
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The light and heat which are emitted from the sun reach the earth without 
great diminution by the absorptive action of the atmosphere; but the waste 
of heat from the surface of our planet through radiation into space is pre- 
vented, or rather lessened by this same atmosphere. Many transparent 
bodies admit freely heat-rays derived from a source of high temperature, but 
stop the rays which emanate from bodies only slightly warmed. The atmo- 
sphere possesses this quality in a remarkable degree, and owes it to the pre- 
sence of diffused water and vapour; a fact which Dr. Tyndall has placed in 
the clear light of complete and varied experiment *. The application of this 
truth to the history of the earth and of the other planets is obvious. The 
vaporous atmosphere acts like warm clothing to the earth. By an augmented 
quantity of vapour dissolved, and water suspended in the air, the waste of 
surface~heat of the earth would be more impeded; the soil, the water, and 
the lower parts of the atmosphere would grow warmer; the climates would 
be more equalized; the general conditions more like what has been supposed 
to be the state of land, sea, and air during the geological period of the Coal- 
measures. 

Such an augmentation of the watery constituents in the atmosphere would 
be a natural consequence of that greater flow of heat from the interior, which 
by many geologists, mathematicians, and chemists 1s supposed to have hap- 
pened in the earlier periods of the history of the earth. 

By the same considerations we may understand how the planet Mars, which 
Teceives not half so much heat from the sunt as the earth dues, may yet 
enjoy, as in fact it seems to enjoy, nearly a similar climate, with snows alter- 
nately gathering on one or the other of its poles, and spreading over large 
spaces around, but not, apparently, beyond the latitude of 50° or 40°; the 
equatorial band of 30° or 40° north or south being always free from snow- 
masses bright enough and large enough to catch the eve of the observer. 
Mars may therefore be inhabited, and we may see in the present state of 
this inquiry reason to pause before refusing the probability of any life to 
Jupiter and even more distant planets. 

The history of suns and planets is in truth the history of the effects of 
light and heat manifested in them, or emanating from them. Nothing in 
the universe escapes their influence; no part of space is too distant to be 
penetrated by their energy; no kind of matter is able to resist their trans- 
forming agency. Many if not all the special forces which act in the parti- 
cles of matter are found to be reducible into the general form of heat; as 
this is convertible and practically is converted into proportionate measures of 
special energy. Under this comprehensive idea of convertibility of force, 
familiar to us now by the researches of Joule +, the reasonings of Grove§ and 
Helmholtz, and the theorems of Rankine ||, it has been attempted by Mayer, 
Waterston, and Thomson ¥ to assign a cause for the maintenance of the heat- 
giving power of the sun in the appulse of showers of aérolites and small 


in 1769, he allowed 33 millions. Such was the effect of that now supposed erroneous ex- 
periment on the opinions of astronomers. (Epoques de la Nature.) 
® Proc. of Roy. Soc. 1861. The Rumford Medal was adjudged to Dr. Tyndall in 1864. 
+ The proportion is about 4g? according to the received measure of the mean dis- 
tance. 


{ Phil Mag. 1848; Reports of the British Association, 1845; Trans. of the Royal 
iety, 1850. 
§ Grove on the Correlation of Physical Forces, 1846. 


' Rankine, Trans. of the Royal Society of Edinburgh, 1850-51; Phil. Trans. 1854. 
€ Communication to the Royal Society of Edinburgh, 1854. . 
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masses of matter, and the extinction of their motion on the surface of the 
luminary. By caleulations of the same order, depending on the rate of radi- 
ation of heat imto space, the past antiquity of the earth and the future 
duration of sunshine have been expressed in thousands or millions of centu- 
ries *. In like manner the physical changes on the sun’s disk, by which 
portions of his darkly heated body become visible through the luminous 
photosphere, have been connected, if not distinctly as a cause, certainly as a 
coincident phenomenon, with particular magnetic disturbances on the surface 
of the earth; the solar spots and the magnetic deflections concurring in 
periods of maxima and minima of ten or eleven years’ duration. Thus even 
these aberrant phenomena become part of that amazing system of periodical 
variation which Sabine and his fellow-labourers, British, French, German, 
Russian, and American, have established by contemporaneous observation over 
a large part of the globe f. 

With every change in the aspect and position of the sun, with every alte- 
ration in the place and attitude of the moon, with every passing hour, the 
magnetism of the earth submits to regular and calculable deviation. Through 
the substance of the ground, and across the world of waters, Nature, ever 
the beneficent guide to Science, has conveyed her messages and executed her 
purposes, by the electric current, before the discovery of Oersted and the 
magical inventions of Wheatstone revealed the secret of her work. 

Even radiant light in the language of the new Philosophy is conceived of 
by Maxwell + as a form of electro-magnetic motion. And thus the impon- 
derable, all-pervading powers, by which moleeular energy is excited and 
exchanged, are gathered into the one idea of restless activity among the 
particles of matter :— 


- . . eterno percita motu s 


ever-moving and being moved, elements of a system of perpetual change in 
every part, and constant preservation of the whole. 

What message comes to us with the light which springs from the distant 
stars, and shoots through the depths of space to fall upon the earth after 
tens, or hundreds, or thousands of years? It is a message from the very 
birthplace of light, and tells us what are the elementary substances which 
have influenced the refraction of the ray. Spectral analysis, that new and 
powerful instrument of chemical research for which we are indebted to 
Kirchhoff, has been taught by our countrymen to scrutinize not only planets 
and stars, but even to reveal the constitution of the nebule, those mysterious 
masses out of which it has been thought new suns and planets might be 
evolyed—nursing-mothers of the stars. For a time, indeed, the resolution 


© Professor Thomson assigns to the sun’s heat, supposing it to be maintained by 
the appulse of masses of matter, a limit of 300,000 years ; and to the period of cooling of 
the earth from universal fusion to its actual state, 98 million years. are the lowest 
estimates sanctioned by any mathematician. 

t+ Among the interesting researches which have been undertaken on the subject of the 
spots, may be mentioned those of Wolf (Comptes Rendus, 1859), who finds the number 
and periodicity of the spots to be dependent on the position of Venus, the Earth, Jupiter, 
and Saturn, Stewart has made a special study of the relation of the spots to the path of 
Venus (Proo. of the Roy. Soc. 1864) ; and Chacornac is now engaged in unfolding his 
conception of the spots as the visible effect of volcanic excitement. The peculiar features 
of the solar surface are under examination by these and other good observers; euch as 
Dawes, Naamyth, Secchi, Stone, Fletcher, Howlett, and Lockyer. 


$ Proc. of Roy. Soc. 1864. The elder Herschel appears to have regarded the light of 
the sun and of the fixed stare as perhaps the effect of an electro-magnetic vrocom— per- 
- aurora. 
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of some nebule, by the giant mirror of Lord Rosse, afforded ground for 
opposing the speculation of Herschel and the reasoning of Laplace, which 
required for their very starting-point the admission of the existence of thin 
gaseous expansions, with or without points or centres of incipient condensa- 
tion, with or without marks of internal movement. The latest results, how- 
ever, of spectral analysis of stars and nebula by Mr. Huggins and Professor 
W. A. Miller, have fairly restored the balance. The nebula are indeed found 
to have in some instances stellar points, but they are not stars; the whole 
resembles an enormous mass of luminous gas, with an interrupted spectrum 
of three lines, probably agreeing with nitrogen, hydrogen, and a substance at 
present unknown ®. Stars tested by the same accurate hands are found to 
have a constitution like that of our own Sun, and, like it, to show the pre- 
sence of several terrestrial elements—as sodium, magnesium, iron, and very 
often hydrogen. While in the Moon and Venus no lines whatever are found 
due to an atmosphere, in Jupiter and Saturn, besides the lines which are 
identical with some produced in our own atmosphere, there is one in the red, 
which may be caused by the presence of some unknown gas or vapour. Mars 
is still more peculiar, and enough is ascertained to discountenance the notion 
of his redness being due to a peculiarity of the soil f. 

To aid researches into the condition of celestial bodies, the new powers of 
light, discovered by Niepce, Daguerre, and Talbot, have been employed by 
Kond, Draper, De la Rue, and other astronomers. To our countryman, in 
particular, belongs the honour of successful experiments on the rose-coloured 
flames which extend from certain points of the sun’s border during an 
eclipse ; as well as of valuable contributions through the same agency to that 

survey of the physical aspect of the moon, which, since 1852, the 
Asociation has striven to promote. By another application of the same 
beatiful art, in connexion with clock-work, the momentary changes of 
magnetic force and direction, the variations of temperature, the fluctuations 
of atmospheric .pressure, the force of the wind, the fall of rain, the propor- 
tion of ozone in the air, are registered in our observatories; and thus the 
inventions of Ronalds and his successors have engaged -the solar rays ih 
meesnring and comparing contemporaneous phenomena of the same order 
over larre parts of the globe—phenomena some of which are occasioned by 
those very rays. 

As we ascend above the earth, heat, moisture, and magnetic force decrease, 
the velocity of wind augments, and the proportion of oxygen and nitrogen 
remains the same. The decrease of heat as we rise into the air is no new 
subject of inquiry, nor have the views respecting it been very limited or very 
secordant. Leslie considered it mathematically in relation to pressure; 
Humboldt gave the result of a large inquiry at points on the earth’s surface, 
unequally elevated above the sea; and finally, Mr. Glaisher and Mr. Coxwell, 
during many balloon ascents to the zones of life-destroying cold, far above 
our mountain tops, have obtained innumerable data, in all seasons of the year, 
through a vast range of vertical height. The result is to show much more 
rapid decrease near the earth, much slower decrease at great elevations; 
thus agreeing in general with the decrease of density, and yet throwing no 
discredit on the determinations of Humboldt, which do not refer to the free 
atmospheric ocean, but to the mere botders of it where it touches the earth, 


and is influenced thereby +. 


* Proc. Roy. Soc. and Phil. Trans. 186 + Phil. Trans. 1864. 


$. 
$ Reports of the British Association for 1862, 1863, 1864. 
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The proportion of carbonic acid gas in the atmosphere at great heights is 
not yet ascertained : it is not likely to be the same as that generally found 
near the earth; but its proportion may be more constant, since in those 
regions it is exempt from the influence of the actions and reactions which 
are always in progress on the land and in the water, and do not necessarily 
compensate one another at every place and at every moment. 

Other information bearing on the constitution of the atmosphere comes to 
us from the auroral beams and other meteoric lights known as shooting-stars. 
For spme of these objects not only appear at heights of ten, fifty, and one 
hundred or more miles above the earth, but at the height of fifty miles it is 
on record that shooting-stars or fire-balls have left waving trains of light, 
whose changes of form were in seeming accordance to varying pressure in the 
elevated and attenuated atmosphere *. 

Researches of every kind have so enriched meteorology since our early 
friend, Professor J. Forbes, printed his suggestive reports on that subject, and 
so great have been the benefits conferred on it by the electric telegraph, that 
at this moment in M. Leverrier’s observatory at Paris, and the office so lately 
presided over by Admiral FitzRoy in London, the messages are arriving from 
all parts of Europe to declare the present weather, and furnish grounds for 
reasonable expectation of the next probable change. Hardly now within 
the seas of Europe can a cyclone begin its career of devastation, before the 
warning signal is raised in our sea-ports, to restrain the too confident sailor. 
The gentle spirit which employed this knowledge in the cause of humanity 
has passed away, leaving an example of unselfish devotion, in a work which 
must not fail through any lack of energy on the part of this Association, the 
Royal Society, or the Government. We must extend these researches and 
enlarge these benefits by the aid of the telegraph bringing the ends of the 
world together. Soon may that thread of communication unite the two great 
sections of the Anglo-Saxon race, and bring and return through the broad 
Atlantic the happy and mutual congratulations for peace restored and friend- 
ships renewed. 

The possible combinations of force by which, in the view we have been 
considering, the characteristic forms and special phenomena of solid, liquid, 
and gaseous matter are determined, may be innumerable. Practically, how- 
ever, they appear to be limited, as natural products, to less than one thousand 
distinguishable compounds, and less than one hundred ¢ elementary sub- 
stances. Of these elements the most prevalent are few on the earth; as of 
gases, oxygen, hydrogen, nitrogen ; of solids, -silicon, calcium, magnesium, 
sodium, iron; and it is interesting to learn by analysis of the light of stars 
and planets, that these substances, or some of them, are found in most of the 
celestial objects yet examined, and that, except in one or two instances, no 
other substances have been traced therein. Even the wandering meteoric 
stones, which fal] from their courses, and are examined on the earth, betray 
only well-known mineral elements, though in the manner in which these are 
combined, some differences appear, which by chemical research and the aid 
of transparent sections Professor Maskelyne and Mr. Sorby are engaged in 
studying and interpreting t. 


* This is the result of a careful discussionemade by myself of observations on a meteor 
seen from Rouen to Yorkshire, and from Cornwall to Kent, Jan. 7, 1856. 

+ At the present moment the number of “elementary substances” is sixty-one. 

{ Professor Maskelyne has made a convenient classification of the large collection of 
meteorites in the British Museum, under the titles of “‘ Aérolite or Meteoric Stone ;” 
** Adrosiderite or Meteoric Jron ;” and “ Aérosiderolites,” which includes the intervening 
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By the labours of Lavoisier and his contemporaries, Chemistry acquired a 
fixed logic and an accurate nomenclature. Dalton and the great physicists 
of the early part of this century gave that law of definite combination by 
proportionate weights of the elements which is for chemistry what the law 
of gravitation is for celestial mechanics. A great expansion of the meaning 
of the atomic theory took place, when Mitscherlich announced his views of 
wemorphous, isomeric, and dimorphous bodies. For thus it came gradually 
to appear that particular forces resided in crystals in virtue of their struc- 
ture, lay in certain directions, and exhibited definite physical effects, if the 
chemical elements, without being the same, were combined in similar propor- 
tons, and aggregated into similar crystals. Some years later, ozone was 
discovered by Schénbein, and it concurred with a few other allotropic sub- 
stances in reviving, among philosophic chemists, the inquiry as to the relative 
atuation of the particles in a compound body, and the effects of such 
arrangements: an idea which had been expressed by Dalton in diagrams of 
atoms, and alterwards exercised the ingenuity of Exley, MacVicar, and 
others ®, 

Everything connected with this view of the modification of physical pro- 
pertes by the arrangement of the particles—whether elementary or com- 
pouud—is of the highest importance to mineralogy, a branch of study by no 
means so much in favour even with chemists as its own merits and its col- 
lateral bearings might justly deserve. Yet it isin a great measure by help 
of this branch of study that the opinions now current regarding metamor- 
phism of rocks zn situ, and the formation of mineral veins, must acquire that 
solid support and general consent which at present they do not possess. 
Crystals, indeed, whether regarded as to their origin in nature, their fabrica- 
hon by art, or their action on the rays of light, the waves of heat and sound, 
and the distribution of electricity, have not been neglected by the Association 
crits members. In one of the earliest Reports, Dr. Whewell calls attention 
to the state of crystallographical theory, and to the artificial production of 
crystals; and in another Report, Professor Johnston notices epigene and 
peeudomorphous crystallization; and for many years, at almost every meet- 
Ing, new and brilliant discoveries in the action of crystals on light were 
made known by Brewster t, and compared with the undulatory theory by 
Herschel, MacCullagh, Airy, Hamilton, Whewell, Powell, Challis, Lloyd, and 
Stokes 


The unequal expansion of crystals by heat, in different directions, first 
obeerved by Mitscherlich, has been carefully examined in the cases of 
sulphate and carbonate of lime by Professor W. H. Millert, who has also 
considered their elasticity, originally measured in different relations to the 
axis by Savart. These and many other interesting relations of crystals have 


Varieties. Mr. Sorby, whose latest results are unpublished, but will be communicated to 
the Royal Society, is of opinion that the substance of meteorites has undergone changes 
due to physical conditions in some ancient period not now to be paralleled on our planet, 
or on the moon, but rather to be looked for only in the immediate neighbourhood of the 
sun. Professor Haidinger has also made a special study of meteorites. 

_® Dalton, Chemistry, vol. i. 1808. A clear view of the simpler applications of Dalton’s 
ideas is given by the illustrious author in Daubeny's Treatise on the Atomic Theory, 1850. 
Exley, Nat. and Exp. Philosophy, 1829. MacVicar, Rep. Brit. Assoc. 1855; Trans. Roy. 
See. Edinb., &c. 

+ “Sr David Brewster must be considered as in a degree the creator of the science 
which studies tlie mutual dependence of optical properties and crystalline forms.” 
(Whewell, in Report on Mineralogy, Brit. Assoc. 1832, p. 336.) 

3 Rep. Proc. 1837, pp. 48, 44. 
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been attended to; but the Association has not yet sneceeded in obtaining a 
complete digest of the facts and theories connected with the appearance of 
crystals in nature—in the fissures of rocks; in the smaller cavities of rocks ; 
in the solid substance or liquid contents of other crystals. Such an inquiry, 
however, it did earnestly demand, and some steps have been taken by our 
own chemists, mineralogists, and geologists. But more abundant information 
on this class of subjects is.still needed, even after the admirable contributions 
and recent discoveries of Bischof, Delesse, and Daubreée *. 

Within our Association-period both the nomenclature of chemistry and the 
conception of the atomic theory have received not indeed a change, but such 
an addition to its-ordinary expression as the more general language and 
larger meaning of Algebra have conferred on common arithmetical values. 
The theory of compound radicals, as these views of Liebig, Dumas, and Hof- 
mann may be justly termed, embraces the consideration of groups of elements 
united in pairs by the ordinary law, these groups being for the purpose in 
hand treated as single elements of combination. The nomenclature which 
attempts in ordinary words to express these relations grows very unma- 
nageable even in languages more easily capable of polysyllabic combinations 
than ours; but symbols of composition—the true language of chemistry— 
are no more embarrassed in the expression of these new ideas than are the 
mathematical symbols which deal with operations of much greater com- 
plexity on quantities more various and more variable +. The study of these 
compound radicals comes in aid of experimental research into those numerous 
and complex substances which appear as the result of chemical transforma- 
tions in organic bodies. Thus in some instances the very substances have 
been recomposed by art which the vital processes are every moment pro- 
ducing in nature; in others the steps of the process are clearly traced ; in all 
the changes become better understood through which so great a variety of 
substances and structures are yielded by gne circulating fluid; and the result 
is almost a new branch of animal and vegetable physiology, not less import- 
ant for the health of mankind than essential to the progress of scientific 
agriculture. 

The greater our progress in the study of the economy of nature, the more 
she unveils herself as one vast whole; one comprehensive plan ; one universal 
rule, in a yet unexhausted series of individual peculiarities. Such is the 
aspect of this moving, working, living system of force and law: such it has 
ever been, if we rightly interpret the history of our own portion of this rich 
inheritance of mind, the history of that Earth from which we spring, with 
which so many of our thoughts are coordinated, and to which all but our 
thoughts and hopes will again return. 

How should we prize this history! and exult in the thought that in our 
own days, within our own memories, the very foundations of the Series of 
Strata, deposited in the beginning of time, have been explored by our living 
friends, our Murchison and Sedgwick, while the higher and more complicated 
parts of the structure have been minutely examined by our Lyell, Forbes, 
and Prestwich +! How instructive the history of that long series of inhabi- 

® Bischof, Chemical Geology (published by the Cavendish Society, 1856). 

Delesee, Etudes sur le Métamorphisme, 1858, and other works. 

Daubrée, Sur la Relation des Sources Thermales des Plombiéres, avec les Filons Metal- 
litres wo Ie Formation ¢ des Zeolithes, 1858, and other works. 

e Nomenclature o c Com . . iti 
rien 1seL Organi: pounds, by Dr. Daubeny. Beporta of British 

} The investigations of Murchison and Sedgwick in the Cambrian and Silurian Strata 
began in 1831; the views of Sir C. Lyell on Tertiary periods were made known in 1829. 
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tants which received in primeval times the gift of life, and filled the land, 
sea, and air with rejoicing myriads, through innumerable revolutions of the 
planet, before in the fulness of time it pleased the Giver of all good to place 
man upon the Earth, and bid him look up to Heaven. 

Wave succeeding wave, the forms of ancient life sweep across the ever- 
changing surface of the earth; revealing to us the height of the land, the 
depth of the sea, the quality of the air, the course of the rivers, the extent of 
the forest, the system of life and death—yes, the growth, decay, and death 
of individuals, the beginning and ending of races, of many successive races 
of plants and animals, in seas now dried, on sand-banks now raised into 
mountains, on continents now sunk beneath the waters. 

Had that series a beginning? Was the earth ever uninhabited, after it 
became a globe turning on its axis and revolving round thesun? Waa there 
ever a period since land and sea were separated—a period which we can 
traee—when the land was not shaded by plants, the ocean not alive with 
ammals? The answer, as it comes to us from the latest observation, declares 
that in the lowest deposits of the most ancient seas in the stratified crust of 
the globe, the monuments of life remain. They extend to the earliest sedi- 
ments of water, now in part so changed as to appear like the products of fire. 
What life? Only the simpler and less specially organized fabrics have as 
yet rewarded research among these old Laurentian rocks—only the aggre- 
gated structures of Foraminifera have been found in what, for the present at 
least, must be accepted as the first deposits of the oldest sea. The most 
ancient of all known fossils, the Eozoon Canadense of Sir W. Logan, is of 
this low, we may even say lowest, type of animal organization. 

Then step by step we are guided through the old Cambrian and Silurian 
systems, rich in Trilobites and Brachiopoda, the delights of Salter and Da- 
videon; with Agassiz and Miller and Egerton we read the history of the 
strange old fishes of the Devonian rocks; Brongniart, and Géppert, and 
Dawson, and Binney, and Hooker unveil the mystery of the mighty forests 
now converted to coal; Mantell and Owen and Huxley restore for us the 
giant reptiles of the Lias, the Oolite, and the Wealden; Edwards and 
Wright almost revive the beauteous corals and echinodermata ; which with 
all the preceding tribes have come and gone before the dawn of the later 
periods, when fragments of mammoths and hippopotami were buried in 
caves and river sediments to reward the researches of Cuvier and Buckland, 
Prestwich and Christy, Lartet and Falconer. 

And what is the latest term in this long series of successive existence ? 
Surely the monuments of ever-advancing art—the temples whose origin is in 
caverns of the rocks; the cities which have taken the place of holes in the 
ground, or heaps of stones and timber in a lake ; the ships which have out- 
grown the canoe, as that was modelled from the floating trunk of a tree, are 
eafficient proof of the late arrival of man upon the Earth, after it had under- 
gone many changes and had become adapted to his physical, intellectual, and 
moral nature. 

Compared with the periods which elapsed in the accomplishment of these 
changes, how short is the date of those yet standing monoliths, cromlechs, 
and circles of unhewn stone which are the oldest of human structures raised 
in Western Europe, or of those more regular fabrics which attest the early 
importance of the monarchs and people of Egypt, Assyria, and some parts of 
America! Yet tried by monuments of natural events which happened within 
the age of man, the human family is old enough in Western Europe to have 

been sheltered by caverns in the rocks, while herds of reindeer roamed in 
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Southern France*, and bears and hyenas were denizens of the South of 
England ¢. More than this, remains of the rudest human art ever seen are 
certainly found buried with and are thought to belong to races who lived 
contemporaneously with the mammoth and rhinoceros, and experienced the 
cold of a Gallic or British winter, from which the woolly covering of the 
wild animals was a fitting protection. 

Our own annals begin with the Kelts, if indeed we are entitled to call by 
that historic name the really separate nations, Belgian, Iberian, and Teu- 
tonic, whom the Roman writers recognize as settlers in Britain t; settlers 
among a really earlier family, our rudest and oldest forefathers, who may 
have been, as they thought themselves to be, the primitive people of the 
land§. But beyond the KeAraé who occupied the sources of the Danube 
and the slopes of the Pyrenees, and were known to Rome in later days, there 
was present to the mind of the father of Grecian history a still more western 
race, the Cynete, who may perhaps be supposed the very earliest people of 
the extreme west of the continent of Europe. Were those the people, the 
first poor pilgrims from the East, whose footsteps we are slowly tracing im 
the valleys of Picardy and the south of England, if not on the borders of the 
lakes of Switzerland? Are their kindred still to be found among.the Rhetic 
Alps and the Asturian cliffs, if not amid the wilds of Connemara, presred 
into those mountainous recesses by the legions of Rome, the spear of the 
Visigoth, and the sword of the Saxon? Or must we regard them as races of 
an earlier type, who had ceased to chip flints before the arrival of Saxon, or 
Goth, or Kelt, or Cynetian? These questions of romantic interest in the 
study of the distribution and languages of the families of man are part of a 
large circle of inquiry which finds sympathy in several of our Sections, 
especially those devoted to Zoology, Physiology, and Ethnology. Let us not 
expect or desire for them a very quick, or, at present, a very definite settle- 
ment. Deep shadows have gathered over all the earlier ages of mankind, 
which perhaps still longer periods of time may not avail to remove. Yet let 
us not undervalue the progress of ethnological inquiry, nor fail to mark how, 
within the period to which our recollections cling, the revelations of early 
Egypt have been followed by a Chronology of the ancient kingdoms on the 
Tigris and Euphrates, through the same rigorous study of language. Thus 
has our Rawlinson added another page to the brilliant discoveries of Young 
and Champollion, Lepsius and Rosellini. 

Nor, though obtained in a different way, must we forget the new know- 
ledge of a people nearer home, which the philosophic mind of Keller has 
opened to us among his native mountains. There, on the borders of the 
Alpine lakes, before the great Roman general crossed the Rhone, lived a 
people older than the Helvetians; whose rude lives, passed in hunting and 
fishing, were nevertheless marked by some of the many inventions which 
everywhere, even in the most unfavourable situations, accompany the least 
civilized of mankind. Implements of stone and pottery of the rudest sort 
belong to the earliest of these people ; while ornamented iron weapons of war, 
and innumerable other fabrics in that metal, appeur about the later habita- 


* See the Memoirs of M. Lartet on the Caves of the Dordogne, 1863-64. 

t Tn the caves of Gower, Devon, and Somerset, flint flakes occur with several extinct 
animals. 

¢ Gallic or Belgian on the south-east coast; Iberian in South Wales; German at the 
foot of the Grampians. (Tacitus, Vita Agricole.) 

§ ‘“‘Britannice: pars interior ab iis incolitur, quoe natos in insula ipsa memoria pro- 
ditum dicunt.” (Ceesar, v. 12.) 


ADDRESS. lx1 


tons, and correspond probably to the period of the true Helvetii, who quitted 
thar home and contended with Cesar for richer settlements in Gaul. The 
people of whom these are the traces on almost every lake in Switzerland are 
recognized a8 well in the ancient lake-basins of Lombardy and among the 
Tyrolean Alps, and farther on the north side of the mountains; and probably 
frech discoveries mayv connect them with the country of the Sarmatians and 
the Scythians. 

Thus at length is fairly opened, for archseology and palmontology to read, 
anew chapter of the world’s history, which begins in the pleistocene periods 
df geology, and reaches to the prehistoric ages of man. Did our ancestors 
really contend, as the poets fancied*, with stones and clubs against the lion 
and the rhinoceros, and thus expel them from their native haunts, or have 
they been removed by change of climate or local physical conditions? Was 
the existence of the hyena and the elephant only possible in Western Europe 
wile a climate prevailed there such as now belongs to Africa or India? and 
was this period of high temperature reduced in a later time for the elk, rein- 
deer, and musk ox, which undoubtedly roamed over the hills of England and 
France? If we think so, what a vista of long duration stretches before us, for no - 
sach changes of climate can be supposed to have occurred except as the effect of 
great physical changes, requiring a lapse of many thousands of years. And 

though we may think such changes of climate not proved, and probably 

areful weighing of evidence may justify our disbelief, still, if the valleys in 

Picardy have been excavated since the deposit of the gravel of St. Acheult, 

and the whole face of the country has been altered about the caverns of 
Torquay since they received remains of animals and traces of man{—how 

can we admit these facts and yet refuse the time required for their accomplish- 

ment? First, let us be sure of the facts, and especially of that main fact 

upon which all the argument involving immensity of time really turns, viz. 

the contemporaneous existence of man with the mammoth of the plains and 

the bear of the caverns. The remains of men are certainly buried with those 

of extinct quadrupeds ; but did they Jive in the same days, or do we see relics 

of different periods gathered into one locality by natural processes of a later 

date, or confused by the operations of men? 

Before replying finally to these questions, further researches of an exact 
kind are desirable, and the Association has given its aid towards them, both in 
respect to the old cavern of Kent’s Hole, and the newly opened fissure of 
Gibraltar, from which we expect great results, though the best of our la- 
tourers has ceased from his honourable toil§. When these and many other 
tesearches are completed, some future Lyell, if not our own great geologist, 
may add some fresh chapters to the ‘ Antiquity of Man.’ 

In judging of this antiquity, in counting the centuries which may have 
edaneed since smoothed flints fitted with handles of wood were used as chisels 
ad axes by the earliest people of Scandinavia or Helvetia, and flakes of flint 
vere employed to cleanse the skins of the reindeer in the caves of the Dor- 
degne, or stronger tools broke up the ice in the valley of the Somme, we 
must be careful not to take what is the mark of low civilization for the indi- 
tation of very remote time. In every country, among every race of men,- 


® Lacretiue, v. 964-1283. 
see Transactions of the Royal Society, 1860, and Proc. of Roy. Inst., Feb. 


3 Pengelly, Reports of the British Association, 1864. 
§ The late Dr. Hugh Faleoner, whose knowledge of the fossil animals of caves was re- 
markably exact, took a great share in these examinations. 
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such rude weapons and tools are used now, or were used formerly. On the 
banks of the Ohio, no less than on the English hills, mounds of earth, rude 
pottery, and stone weapons occur in abundance ; and indicate similar wants, 

contrivances, customs, ideas, in different races of men living in different 
periods. Even when in the same country, as in Switzerland, or England, or 
Denmark, successive deposits of instruments of stone, bronze, or iron; suc- 
cessive burials of pines, beeches, and oaks ; successively extinguished races of 
elephants, elks, and reindeer, give us a real scale of elapsed time, it is one of 
which the divisions are not yet valued in years or centuries of years. 

Toward a right judgment of the length of this stale of human occupation, 
two other lines of evidence may be thought worthy of notice; one founded 
on the anatomical study of the remains of early men, the other on the laws of 
language. If the varieties of physical structure in man, and the deviations 
of language from an original type, be natural effects of time and circumstance, 
the length of time may be in some degree estimated by the amount of the 
diversities which are observed to have happened, compared with the varia- 
tion which is now known to be happening. This process becomes imaginary, 
‘unless we assume all mankind to have had one local centre, and one original 
language. Its results must be erroneous, unless we take fully into account the 
superior fixity of languages which are represented in writing, and the greater 
tendency to diversity of every kind which must have prevailed in early times, 
when geographical impediments were aggravated by dissocial habits of life. It 
appears, however, certain that some differences of language, organization, 
and habits have separated men of apparently unlike races during periods 
longer than those which rest on historical facts*. 

Ever sinee the days of Aristotle, the analogy existing among all parts of 
the animal kingdom, and in a general sense we may say among all the forms 
of life, has become more and more the subject of special study. Related as 
all living beings are to the element in which they move and breathe, to 
the mechanical energies of nature which they employ or resist, and to the 
miolecular forces which penetrate and transform them, some general confor- 
mity of structure, some frequently recurring resemblance of function, must 
be present, and cannot be overlooked. In the several classes this analogy 
grows stronger, and in the subdivisions of these classes real family affinity is 
recognized. In the smallest divisions which have this family relation in the 
highest degree, there seems to be a line which circumscribes each group, 
within which variations occur, from food, exercise, .climate, and transmitted 
peculiarities. Often one specific group approaches another, or several others, 
and a question arises whether, though now distinct, or rather distinguishable, 
they always have been so from their beginning, or will be always so until 
their disappearance. 

Whether what we call species are so many original creations or derivations 
from a few types or one type, is discussed at length in the elegant treatise of 
Darwinf, himself a naturalist of eminent rank. It had been often discussed 
before. Nor will any one think lightly of such inquiries, who remembers 
the essay of Linneus, “ De Tulluris orbis incremento,” or the investigations 
of Brown, Prichard, Forbes, Agassiz, and Hooker regarding the local origin 
of different species, genera, and families of plants and animals, both on the 
land and in the sea. Still less will he be disposed to undervalue its import- 
ance, when he reflects on the many successive races of living forms more or 
less resembling our existing quadrupeds, reptiles, fishes, and mollusca, which 


6 
* Max Miiller on the Science of Language. e jt On the Origin of Species, 1859. 
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ward tohave cecupied definite and different parts of the depths of an- 
wattine;as now the tiger and the jaguar, the cayman and the gavial, live 
a diffrent parte of the terrestrial surface. Is the living elephant of Ceylon 
te inal descendant of that mammoth which roamed over Siberia and Eu- 
neand North America, or of one of those sub-Himalayan tribes which Dr. 
hiemet has made known, or was it a species dwelling only in circumpolar 
rp? Can our domestic cattle, horses and dogs, pur beasts of chace and 
a bests of prey, be traced back to their source in older types, contempo- 
nnaof the Urus, Megaceros, and Hyena on the plains of Europe? If so, 
vat noge of variation in structure does it indicate? if not so, by what 
darnters are the living races separated from those of earlier date ? 
Bpecifie questions of this kind must be answered before the general pro- 
puition, that the forms of life are indefinitely variable with time and cir- 
amine, can be even examined by the light of adequate evidence. That 
wch evidence will be gathered and rightly interpreted, I for one neither 
doubt nor fear ; mor will any be too hasty in adopting extreme opinions or 
too fearful of the final result, who remember how often that which is true 
bes been found very different from that which was plausible, and how often 
cat of the nettles of danger we have plucked the flowers of safety. At the 
present moment the three propositions which were ever present to the mind 
of Edward Forbes may be successfully maintained, as agreeing with many 
observed phenomena ; and around them as a basis of classification may be 
gathered most of the facts and most of the speculations which relate to the 
history of life*. First, it may be admitted that plants and animals form 
many natural groups, the members of which have several common characters, 
and are parted from other groups by a real boundary line, or rather unoccu- 
peed space. Next, that each of these groups has a limited distribution in 
space, often restrained by high mountains or deep seas, or parallels of tem- 
perature, within which it has been brought into being. Thirdly, that each 
group has been submitted to, or is now undergoing, the pressure of a general 
law, by which its duration is limited in geological time; the same group 
never reappearing after being removed from the series. 

How important, in the view of this and many other questions, is that 
never-tiring spirit of geographical and maritime discovery, to which through 
four hundred years Europe has sent her noblest sons and her most famous 
expeditions; sent them, alas! too often to an early grave. Alas! for 
Frankhn, who carried the magnetic flag into the Icy Sea from which he had 
already brought trophies to Science! Alas! for Speke, who came home with 
homoour from the head waters of the Nile! Forgotten they can never be, 
whenever, on occasions like this, we mourn the absence of our bravest and 
our best ; praise, never-ending praise be theirs, while men retain the generous 
impulse which prompts them to enterprises worthy of their country and bene- 
fiezal to mankind! 

‘Aad oguy cXéos Eacera: xar alay. 

If it be asked, what share in the discoveries and inventions of the last 
thirty-three years is claimed for the British Association ; let us answer fear- 
lessly——We had a part in all. In some of them we took the foremost place 
byw the frequency of our discussions, the urgency of our recommendations, 
the employment of our influence, and the grant of our funds. For others we 
gave all our strength, to support the Royal Society and other institutions in 


© See the remarkable Essay of E. Forbes on the distribution of the existing Fauna and 
Plors of the British Isice, in Memoirs of Geol. Survey of Britain, vol. i. p. 836. 
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their efforts to accomplish purposes which we approve. In all instances our 
elastic system responds quickly to pressure, and returns the friendly impulse. 
If we look back on the work of previous years, it 1s easy to mark the special 
action of the Association in fields which hardly could be entered by any other 
adventurers. 

Many of the most valuable labours of which we are now reaping the fruits, 
were undertaken in consequence of the reports on special branches of Science 
which appear in the early volumes of our Transactions—reports in which 
particular data were requested -for confirming or correcting known genera— 
lizations, or for establishing new ones. Thus a passage in Professor Airy’s 
report on Physical Astronomy * first turned the attention of Adams to the 
_ mathematical vision of Neptune; Lubbock’s Report on Tidest came before 

the experimental researches and reductions, which since 1834 have so often 
engaged the attention of Whewell and Airy and Haughton, with results so 
valyable and so suggestive of further undertakings. Among these results 
may be placed additional knowledge of the probable depth of the channels of 
the sea. For before the desire of telegraphic communication with America 
had caused the bed of the North Atlantic to be explored by soundings to a 
depth seldom exceeding three miles, there was reason to conclude from the 
investigations of Whewell on Cotidal Linest that a depth of nine miles was 
attained in the Sonth Atlantic, and from the separate computations of Airy 
and Haughton that a somewhat greater depth occurred in a part of the course 
of the tide-wave which washes the coast of Ireland§. The greater portion of 
the sea-bed is within reach of soundings directed by the supenor skill and 
greater perseverance of modern scientific navigators ; a depth of six miles is 
said to have been reached in one small tract of the North Atlantic; depths of 
nine or ten miles in the deepest channels of the sea are probable from consi- 
dering the general proportion which is likely to obtain between sea-depths 
and mountain-tops. Thus the data are gradually being callected for a com- 
plete survey of the bed of the sea, including among other things information, 
at least, concerning the distribution of animal and vegetable life beneath the 
waters. 

Waves—their origin, the mechanism of their motion, their velocity, their 
elevation, the resistance they offer to vessels of given form, these subjects 
have been firmly kept in view by the Association, since first Professor Challis |{ 
reported on the mathematical problems they suggest, and Sir J. Robison and 
Mr. Scott Russell undertook to study them experimentally |. Out of this in- 
quiry has come a better knowledge of the forms which ought to be given to 
the ‘lines’ of ships, followed by swifter passages across the sea, both by 
sailing vessels and steamers, of larger size and greater lengths than were ever 
tried before **. 

One of the earliest subjects to acquire importance in our thoughts, was the 
unexplored region of meteorology laid open in Professor J. Forbes’s Reportst+t. 
Several of the points to which he called attention have been successfully at- 
tained. The admirable instruments of Whewell, Osler, and Robinson have 
replaced the older and ruder anemometers, and are everywhere in full opera- 


rts of the British Association for 1832, p. 154. Laplace had indeed observed 
that “the planet Uranus and his satellites, lately discovered, give reason to suapect the 
existence of some planeta not yet observed ;’’ thereby encouraging the search for new dis- 
coveries in our own system. (Exp. du Syst. du Monde, 1799, 4to, p. 350.) 


+ Reports of the British Association, 1832. t Trans. of Roy. Soo. 1833. 
§ Trans. of Roy. Irish Acad. 1855. || Reports of the British 1 Association, 1833, 1836. 
{ Ibid. 1837 and following years. ** Thid. 1840-1848. 


tt Ibid. 1832-1840. 
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tion, to record the momentary variations of pressure, or sum the varying 
teocities of the wind. No small thanks were due to Mr. Marshall and Mr. 
Miler* for their enterprise and perseverance in placing rain-gauges and 
thnnometers amidst the peaks of Cumberland and Westmoreland. These 

ments are now renewed in both counties and in North Wales; and I 
hope to hear of similar efforts among the mountains of the West of Ireland 
and the West of Scotland. Our meteorological instruments of every kind 
have been improved ; our system of photographic registration has spread 
from Kew into other observatories; and our corresponding member, Pro- 
fessor Dove, has collected into systematic maps and tables the lines and 
seus which represent annual and monthly climate over every land and 


"hh the same manner, by no sudden impulse or accidental circumstance, 
nse to its high importance that great system of magnetic observations, on 
which for more than a quarter of a century the British Association and the 
Royal Society, aeting in concert, have been intent. First, we had Reports 
oa the mathematical theory and experimental researches of magnetism by 
Canstie (1833), Whewell (1835), and Sabine (1835) :—afterwards, a magnetic 
survey of the British Islandst ; then, the establishment of a complete obser- 
vatory at Dublin, with newly arranged instruments, by Dr. Lloyd, in 1838. 
On all this gathered experience we founded a memorial to Her Majesty’s 
Government, made a grant of £400 from our funds for preliminary expenses, 
and presented to the Meeting of this Association in Birmingham, in 1839, a 
Report of progress, signed by Herschel and Lloyd. From that time how 
great the labour, how inestimable the fruits! Ross sails to the magnetic 
pole of the south ; America and Russia cooperate with our observers at Kew, 
Toronto, and St. Helena; and General Sabine, by combining all this united 
lsbour, has the happiness of seeing results established of which no man 
dreamed—laws of harmonious variation affecting the magnetic elements of 
the globe, in definite relation to the earth’s movement, the position of the 
san and moon, the distribution of temperature, and the situation in latitude 
and longitude t. 

Our efforts have not been fruitless, whether with Mr. Mallet we make ex- 
periments on artificial earth-shocks at Dalkey, or survey the devastations 
round Vesuvius, or tabulate the records of earthquakes since the beginning of 
history§ ; or establish the Kew Observatory as a scientific workshop where 
new instruments of research are made and proved and set to work||; or 
dredge the sea with Forbes, and Brady, and Jeffreys{; or catalogue the 
tars with Baily** ; or investigate electricity with Harris, Ronalds, Thomson, 


* Mr. Marshall's observations were mado in Patterdale, Mr. Miller's about Wastdale 
is (British Association Reports for 1846, and Royal Society’s Transactions, 


t The survey was begun in Ireland in 1835, by Lloyd, Sabine, and Ross; and com- 
Pied in Weles, and Scotland in 1837, by the same eticiana, assisted by 

ox and was repeated in 1857 and following years by Sabine, Lloyd, Welsh, 
Haaghton, Galvaith, and Stoney. 


{ Trans. of the Royal Society for many Years j Reports of the British Association, 
180 and following years; Rede Lecture, 18 
§ British Association Reporte ; Experiments at Dalkey, 1863 ; Report on Earthquakes, 
perenne Bee also the excellent communications of Mi. Perrey to the Memoirs of the 
Acedemy of Dijon. 
L ad Kew Observatory became a part of the system of the Association in 1842. 
s of the D Committees from 1842 to 1864; Nat. Hist. Trans. of 
Sothenne d and Durham ; Jeffreys’s British Conchology. 
Teen Association Catalogue of Stars, 1845. 
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and Jenkin*; or try the action of long-continued heat with Haroourtt 
in these and a hundred other directions, our attempts to gain knowledg 
have brought back new facts and new laws of phenomena, or better instru 
ments for attaining or better methods for interpreting them. Even whe 
we enter the domain of practical art, and apply scientific methods to test 
great process of manufacture, we do not fail of success; because we ar 
able to join in united exertion the laborious cultivators of science and th 
scientific employers of labour. 

Am I asked to give an example? Let it beiron, the one substance b' 
the possession of which, by the true knowledge and right use of which 
more than by any other thing, our national greatness is supported. Wha 
are the ores of iron—what the peculiarities and improvements of th 
smelting procésses—what the quality of the iron—its chemical composi. 
tion—its strength in columns and girders as cast iron; in rails an 
boiler plate, in tubes and chains, as wrought iron—what are the bes! 
forms in which to employ it, the best methods of preserving it fron 
decay ;—these and many other questions are answered by many specia 
Reports in our volumes, bearing the names of Barlow, Mallet, Porter, Fair- 
bairn, Bunsen, Playfair, Percy, Budd, Hodgkinson, Thomson; and very nu- 
merous other communications from Lucas, Fairbairn, Cooper, Nicholson, 
Price, Crane, Hartley, Davy, Mushet, Hawkes, Penny, Scoresby, Dawes, 
Calvert, Clark, Cox, Hodgkinson, May, Schafhaeutl, Johnston, Clay, and 
Boutigny. Beyond a question, a reader of such of these valuable documents 
as relate to the strength of iron, in its various forms, would be far better in- 
formed of the right course to be followed in experiments on armour-plated 
ships and forts to resist assault, and in the construction of ordnance to at- 
tack them, than he is likely to be from merely witnessing a thousand trials 
of the cannon against the target. Anyone who remembers what the iron 
furnace was forty years ago, and knows its present power of work, or who 
contrasts the rolling mills and hammers of other days with the beautiful ma- 
chines which now, with the gentlest motion but irresistible foree, compel the 
strong metal to take up the most delicately moulded form, will acknowledge 
that, within the period since the British Association began to eet itself to the 
task of reconciling the separated. powers of Theory and Experience, there 
has been a total change in the aspect of each, to the great advantage of both. 

Our undertakings have not been fruitless. We attempted what we had 
well considered, and had the power to accomplish ; and we had the more than 
willing help of competent persons of our own body, the friendly aid of other 
Institutions, and the sanction of the Government, convinced of the sincerity 
of our purpose and the wisdom of our recommendations. 

The same work is ever before us ; the same prudence is always necessary ; the 
same aid is always ready. Great indeed should be our happiness, in reflecting on 
-the many occasions, when the Royal Societyin particular, and other Institutions 
older than our own, have readily placed themselves by our side, to share our re- 
sponsibility and diminish our difficulties.: But for this, our wishes might not al- 
ways have prevailed ; and the horizon, of science would not have been so clear 
as now it is. Of late years, indeed, Societies formed on our model have taken 
up special parts of our work ; and thus to some extent have relieved us of the 
pressure of communications relating to the practice of particular professions 
and the progress of some public questions. Not that scientific agriculture, 
social statistics, or physiology are neglected in our meetings, but that these and 


* The latest result of these researchos is an instrumental standard of electrical resist’ 
ance. (Reports of the British Association, 1863-1864. 
{+ Reports of the British Association, 1846-1860. 
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other practical subjects are found to have more than one aspect, and to re- 
quire more than one mode of treatment. ‘With us, facts well ascertained, 
conclusions rightly drawn, will ever be welcome, from whatever quarter of 
the horizon of science they make their appearance. Whatever societies cul- 
trate these objects, they are our allies, and we will help them, if we may. 
With pleasure we receive proofs of the good work done in limited districts by 
the many admirable Field Clubs formed by our countrymen; whether, like 
those of Tyneside and the Cotswolds, and in this immediate vicinity those of 
Warwickshire, Worcestershire, and Dudley, they explore the minutest re- 
cesses of our hills and glens; or, like the rangers of the Alps, bring us new 
fects regarding glaciers, ancient climate, and altered levels of land and sea. 

By these agreeable gatherings natural history is most favourably com- 
mended ; and in the activity and enlarged views of the officers who conduct 
them, the British Association recognizes the qualities by which the vitality 
of seientific research is maintained, and its benefits diffused among the pro- 
tincial Institutions of the Empire. . 

Sach, Gentlemen, are some of the thoughts which fill the minds of those, 
who, ike our Brewster, and Harcourt, and Forbes, and Murchison, and Dau- 
beny, stood, anxious but hopeful, by tho cradle of this British Association ; 
and who now meet to judge of its strength, and measure its progress. When, 
more than thirty years ago, this Parliament of science came into being, its 
frst child-language was employed to ask questions of Nature; now, in riper 
years, it founds on the answers received further and more definite inquiries 
directed to the same prolific source of useful knowledge. Of researches in 
science completed, in progress, or in beginning, each of our annual volumes 
contains some three hundred or more passing notices, or full and permanent 
records. This digest and monument of our labours is indeed in some respects 
incomplete, since it does not always contain the narrative or the result of 
undertakings which we started, or fostered, or sustained; and I own to 
having experienced on this account once or twice a feeling of regret. But 
the regret was soon lost in the gratification of knowing that other and equally 
beneficial channels of publication had been found; and that by these ex- 
amples it was proved how truly the Association kept to the real purpose of 
its foundation, ‘‘ the Advancement of Science,” and how heartily it rejoiced 
in this advancement without looking too closely to its own share in the 
triumph. Here, indeed, is the stronghold of the British Association. Where- 
ever and by whatever means sound learning and useful knowledge are ad- 
vanced, there to us are friends. Whoever is privileged to step beyond his 
felows on the road of scientific discovery, will receive our applause, and, if 
need be, our help. Welcoming and joining in the labour of all, we shall 
keep our place among those who clear the ways and remove the obstacles 
from the paths of science; and whatever be our own success in the rich 
felds which lie before us, however little we may now know, we shall 
prove that in this our day we knew at: least the value of knowledge, and 
joined hearts and hands in the endeavour to promote it. 
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Report on Dredging among the Channel Isles. 
By J. Gwyn Jerrreys, F.R.S. 


Oca dredgings, which occupied six weeks, were confined to the coasts of 
Guernsey and Jersey. Owing to the rocky nature of the sea-bed, and to the 
extraordinary rapidity of the tides, the work was very difficult and unsatis- 
hetory; and one of my dredges was unavoidably lost, notwithstanding the 
lupe was a new one and every precaution had been taken to prevent an 
accident of this kind. The depth of water seldom exceeded 30 fathoms; 
although there was one remarkable exception in a long submarine trough, 
called Hurd’s Deep, lying about fifteen miles north of Guernsey, and having 
a depth of 60 fathoms and more. 

4s regards the Mollusca (to which I shall, as in former Reports, confine 
myself), they exhibit somewhat of a Mediterranean or South-European cha- 
tater. This will appear from the accompanying lists. No new species were 
precured; but scientific research does not consist entirely of such discoveries. 
It may be well questioned whether the reduction of some forms, which have 
heretofore been regarded as species, to the rank of varieties may not be of 
equal importance. The sexual relation of known species, their development, 
mode of growth, food, habits, economy, geographical and bathymetrical dis- 
tnbation, are all matters which require careful investigation. I had likewise 
an opportunity of observing for the first time the animals or soft parts of 
‘several species of shell-bearing Mollusca, and of rectifying the published 
descriptions of other species. In the first of these categories I would 
“umerate Cardium papillosum, Rissoa crenulata, R. striatula, Defrancia 
Phillerti, and Mangelia levigata. In the second category may be placed 
Galomma Turtoni, Ohiton discrepans, C. cancellatus, and Trochus exasperatus. 
Among the rarer or more local species taken by us were Argiope capsula, 
Cardium papillosum, Tellina balaustina, and Crimora papillata. “It was also 
dneworthy that Aplysia depilans and A. punctata (usually considered distinct 
‘pecies) copulated when a pair was placed in a vessel of sea-water. This 
aes not hermaphrodite in the same sense as Helix, inasmuch as each 
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individual of Aplysia performs the functions of one sex only, while each snail 
is at the time of sexual union both male and female. 

The tide ebbs far on the coasts of the Channel Isles, especially during the 
equinoxes ; at Guernsey the reflux exfends about 30 feet, and at Jersey up- 
wards of 40 feet. This is very different from what takes place in the Medi- 
terranean, and it occasions a remarkable variation of habitat in many species. 
Psammobia costulata lives at Herm in the sand which is laid bare at low 
water, but in Shetland it occurs at a depth of between 80 and 90 fathoms. 
Hence we may infer that the depth of water cannot always be safely pre- 
dicated from a cursory examination of shells cither in a recent or fossil state. 
Their comparative solidity and size afford better criteria *. 

A collection of the shells obtained on the present occasion has been placed 
in the British Museum. 

We were indebted to Mr. Lukis, Mr. Gallienne, Mr. Macculloch, Mr. Le 
Lievre and Mr. Cooper, of Guernsey, and to Mr. Piquet and Mr. Rose of 
Jersey, for much assistance and pleasant companionship. From the first- 
named of these gentlemen I received Purpura hemastoma, from the second 
Emarginula cancellata, and from the third Triton (or Murex) cutaceus, all of 
which had been taken alive at Guernsey and Herm. There cannot be the 
slightest reason to doubt that Triton nodiferus, as well as 7’. cutaceus, inhabit 
this part of our seas. MM.Cailliaud and Taslé have recorded the latter 
species, and M. Cailliaud the former, as natives of the coast of Brittany. 

Off Jersey were dredged a few worn specimens of Cerithium vulgatum, a 
species which does not seem to have been observed in a living state anywhere 
on the shores of the North Atlantic. It is common throughout the Medi- 
terranean and Adriatic. M. Cailliaud has included it in his list of shells from 
the Loire-Inférieure, but only in a dead and rolled condition. . From careful 
inquiries which I made at Jersey, I am enabled to state with eome degree 
of certainty that no ballast containing shells has ever been brought there. 
I should be disposed to attribute the presence of C. vulgatum (as a semi- 
fossil shell) on the coasts of Jersdy and Lower‘ Brittany to an ancient sub- 
mergence of the land, at a period probably anterior to that when submarine 
forests and peat-beds were formed on the shores of the north of Europe, end 
when the bays of St. Aubin and St. Michel were produced. Fossil shells, of 
Eocene species, were likewise met with; and they will be noticed in the 
Geological Section of this Meeting. 

The following Tables may be useful to show which species are apparently 
restricted to the more southern limits of Great*Britain. 

TI. Species found in the Channel Isles but not in Shetland :— 


Argiope decollata. Cardium tuberculatum. 
—— capsula. papillosum. 
Mytilus barbatus. Tapes aureus. 

—— Adriaticus. Gastrana fragilis, 
Modiolaria costulata. Psammobia vespertina. 
Crenella rhombea. Donax vittatus. 

Arca lactea. ° politus. - 
Galeomma Turtoni. Amphidesma castaneum. 
Lepton equamosum. Mactra glauca. 

— sulcatulum. Lutraria oblonga. 
Loripes lacteus. Scrobicularia tenuis. 
Diplodonta rotundata. Solen vagina. 

Cardium aculeatum. Mya Binghami. 


* See ‘British Conchology,’ vol. iii. p. 27. 
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Gastrocheena dubia. Chemnitzia scalaris. 
Pholas dactylus. ——- fenestrata. 
—— candida. —— excavata. 
— Odostomia dolioliformis. 
T  pedicellata. —— Warreni. 
Dentalium Tarentinum. —— conspicua. 

Lukisi. 


Chiton discrepans. 


Barleeia rubra. 


yinula rosea. 
Fissurella Grzeca (probably). Ianthina Britannica. 
Calyptreea Chinensis. Triforis pulchella. 
Hahotis tuberculate. adversa. 
Cyclostrema Cutlerianum. Nassa pygmma. 
Trochus umbilicatus. Lachesis minima. 
—— lineatus. Murex corallinus. 
—— striatus. Triton cutaceus. 
—— exasperatus. —— nodiferus. 
—— granulatua. Trophon muricatus. 
Phasianella pulla. Defrancia Philberti. 
Rissoa calathus. Mangelia rufa, 
—— costulata. Ovula patula. 
—— crenulata. Bulla cornea. 
—— lactea. —— hydatis. 
—— pulcherrima. Aplysia punctata. 
—- striatula. Pleurobranchus plumula. 
Aclis supranitida. Otina otis. 
—— ascaris. Melampus denticulatus. 
Scalaria Turtoni. Sepia elegans. 
Chemnitzia simillima. 


In all, 81 species of Testaceous Mollusca. 

About the same number of species are found in Shetland but not in the. 
Channel Isles. The greater part of the British Mollusca are common to both 
eXtremities. I estimate the total number to be 520. Of these may be 
reckoned 80 as peculiar to each extremity (and 80 more as inhabiting 
the intermediate area only); so that 360 is the probable number of species 
longing to the Channel Isles and Shetland. The Mediterranean has from 
1) to 800 species. 

II. Species not observed north of the Channel Isles :— 


Argiope decollata, Rissoa lactea, 

Lepton sulcatulum, Purpura hemastoma?P, 
Cardium papillosum, Murex corallinus, 
Teredo pedicellata, Triton cutaceus, 
Chiton diacrepans (probably), -—— nodife 
Emarginula cancellata?, Bulla hydatis, 

Riseoa pulcherrima, Sepia elegans, 


ieing 14 species, of which 2 are doubtful as natives of the British seas. 


Report on the Cultivation of Oysters by Natural and Artifictal 
Methods. By Franx Bucstanp, M.A., M.R.C.S., &c. 


Prete highly honoured with the confidence you have placed in me to in- 
jire into this subject—important not only in a physiological but also ma 
‘ommercial bearing—TI have since the last Meeting used my best endeavours 
t» obtain all the facts and all the information circumstances and labour would 
sllow—and this not only near at home, but also at distant localities. I would 
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beg to state that the facts hereafter mentioned are in no case derived from 
books, but from actual obsorvation and experiment. 

I have found that there is an amazing amount of most valuable informa- 
tion, because the result of practical experience, afloat. This information has, 
however, never yet been properly collected, sorted, and reduced to a scientific 
bearing. The further, moreover, that I investigate the question of that most 
mysterious mollusk the Oyster, the more I find that, after all, we know little 
or nothing at all about it. 

The cultivation of the full-grown oyster is indeed pretty well known after 
it has arrived over the state of “ brood ;” but in its earliest stages of de?¥e- 
lopment comparatively little or nothing is known. It is the more important 
therefore to turn our attention in this direction, as legislation is actually at 
fault in the matter, and, as recent events have proved, those whose duties it 
is to make laws for the fisheries hardly know what laws to make. 

I would propose to divide my Report under several heads— 


. The cultivation of the oyster by natural means. 
. The cultivation of the oyster by artificial means. 
Experiments in hatching by artificial heat. 

. Experiments on a large scale on the fore shore. 
The chemical analysis of the oyster. 


On dredging. 

Comparison of the French and English system of oyster-culture. 
Experiments on oyster-spat. 

. On the cause of greenness in oysters. . 


Although we know not as yet the actual process by means of which the 
delicate and thin-shelled young spat manages to cling to various substances, 
yet we can by observation find out the objects which it seems to prefer; and 
these I would place in order as follows :— 

1. The shell of the living oyster. 

2. The shell of the dead oyster, technically called ‘ Culch.”’ 

3. The shells of mussels, periwinkles, whelks, clams. 

4. Pieces of crockery, glass, tiles, tobacco-pipes. 

5. Iron. 

6. Wood. 

I would propose to examine these in rotation. 

1. The Shell of the Living Oyster.—In the natural state, when not dis- 
turbed by the hand of man, we find that the tendency of the oyster is to 
accumulate in large groups, crowded and packed together in the most fan- 
tastic shapes. You find them of all ages, the nucleus of the group being a 
very old oyster, and around it oysters of ages varying from six or eight years 
to spat of as many months. It is curious to remark that these oysters have 
a tendency to accommodate each other ; for I find that very seldom is there a 
dead one among the group, but that they are for the most part alive and 

There is a locality in the North Sea, known to the deep-sea trawlers, 
not far from the island of Heligoland, in lat. 54° to 55°, long. 5° to 6°: 
the trawlers avoid this spot, because the great clumps of oysters cut their 
nets and do much damage. By the kindness of my friend Mr. Thomas, owner 
of the trawling-smack ‘ Hurricane,’ I am enabled to show samples of these 
oysters; and I cannot but think that, were capital provided, and if expe- 
rienced men undertook the task, the fishing of this oyster-bank, at the present 
high price of oysters, would turn out to be a remunerative speculation. Tho 
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oysters are exceedingly thin, but, as direct experiment proves, they are 
capable of being fattened if placed in a favourable locality. 

2. The Shells of the Dead Oyster, technically called “‘ Culch.”—I look upon 
the stady of the culch and its management as one of the most important 
things in oyster-culture ; for upon its state, whether abundant or not abun- 
dant, whether clean or dirty, depends the detaining or the loss of the young 
oysters after they are emitted from the mother’s shell, and also the importunt 
question as to whether the public grounds (or commons) should or should not 
be taken by private companies. 

We start the question with two facts :— 

1. That the oyster will adhere to dead oyster-shells in preference to any 
other substance, even the shells of the living oyster. 

2. That im order that the spat may adhere, the culch must be perfectly 
clean and free from mud and weed. 

There are but few localities where the shells of the dead oysters have ac- 
eamulated in sufficient quantity to give the spat a chance of adhering; it is 
therefore necessary to collect these shells from elsewhere and throw them 
down upon localities where the spat is likely to fall. This process is carried 
out by oyster-culturists on a pretty large scale; and it seems almost provi- 
dential that beds of oyster-shells should be found in the neighbourhood of 
the grounds which are cultivated. Thus, for instance, you will see on the 
map a place called the ‘“‘ Pan Sand,’’ at the mouth of the Thames. Now, near 
this spot there is an accumulation of oyster-shells; and dredging-boats from 
various localities dredge up these shells and carry them on to places nearer 
mshore, and throw them again to the bottom of the sea, knowing full well 
that, if there be spat floating about, and if they be in a proper condition to 
adhere, these shells will assuredly catch it. How this Pan Sand oyster-bed 
came into existence I am quite unable to tell you; but, from the appearance 
of the oysters themselves, I can assert that the oysters were of great age, 
that they had lived there many years undisturbed by dredges, and that a con- 
siderable time has elapsed since they thrived in this locality. 

Hence we learn an important fact, viz. that the spat seems to prefer adher- 
ing toa shell that is partially decayed, and softened, rather than to a new shell 
lately placed down. So great is the value of oyster-shells as “ culch,” that I 
have often cast a longing eye upon the shells which are carted away in large 
quantities from the oyster-shops in London and thrown on dust-heaps. They 
would be of much greater value if thrown on to the bottom of the sea, where 
they would certainly, if the season were favourable, form a trap for the 
floating spat. Such, however, is the abundance of old oyster-shells on the 
Pan Sand, that having, with the officers of the oyster-fishery with which I am 
connected, considered the idea, we find it would be cheaper to fetch them 
from the Pan Sand. 

I cannot, however, quit the subject of oyster-shells without lamenting 
that no use has yet been found for them on land. They are now to lands- 
men bat waste material; and I cannot help thinking that, if technology were 
to throw her lamp upon thé matter, a use might be found for them. True it 
is that they make good lime; but lime can be obtained from other materials 
at a leas expense. The fact, however, of the lime of the oyster-shell being 
0 very good has led my friend Mr. Bartlett, Superintendent of the Zoological 
Gardens, to give them in a burnt state to poultry and the more valuable 
breeding pheasants. The birds seem to like it much, and it certainly is be- 
neficial to laying hens and growing chicks. Another use of oyster-shells I 
have lately heard of. Mr. Browning, of Paglesham, tells me that the poor 
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people grind the shell and take as much of the powder as will cover a four- 
penny piece as a cure for ague. 

3. We will now consider the third materials the spat loves to fasten itself 
to. The most prominent of these 1s “‘ mussels.” I am enabled to show you 
several fine specimens where oysters have adhered to mussels. The reason 
of this is obviously that the shell of the mussel presents the two requisites 
for the adhesion of the spat—perfect cleanliness and great smoothness. 
Oyster-proprietors should treasure this fact carefully in their memory, and 
should apply it. Mussels in beds form one of the greatest enemies to oysters, 
for they spin their web over them, accumulate mud, and suffocate the oysters 
beneath. They should therefore be dredged up, placed on the foreshore to 
die and decay, and the shells thrown back into the sea at the places where 
the spat is expected to fall. 

For some reason or other the spat seems to like the shell of the common 
whelk, especially when the animal is dead. I now show you several specimens 
to prove this fact. Whelks, however, are far too valuable, not only as human’ 
food, but also as a bait for the cod in the North Sea cod-fishery, to which 
locality they are annually sent in quantities of such enormous money-value, to 
prevent our ever thinking of using whelk-shells as culch in large quantities. 

The spat will also adhere to clams and to cockles. There is a large bed of 
these shells outside the mouth of the River Crouch in Essex; and friends 
of mine who have oyster-fisheries in this region dredge large quantities to 
place down on their grounds. I show you samples of all these facts. 

4. We cannot be too observant of facts. J now show you a common 
saucer, on which oysters of three years old have fastened themselves. It was 
dredged up at a place called the Sandheads, at the mouth of the Thames; it 
is marked Queen’s Channel in the maps. The French oyster-culturists have 
long been aware of the fact shown by the saucer, and in their oyster-parks 
place down all the broken potteryware they can find; and to these the 
oysters will adhere in considerable numbers—that is, in France. Unglazed 
earthenware has also attractions for the oyster ; and upon this fact is founded 
the whole system of catching oysters by means of earthenware tiles, as I 
shall state hereafter. 

5. It has often been a question as to whether oysters will or will not adhere 
to iron. I am able to answer this in the affirmative. The piles which sup- 
port the pier at Herne Bay are covered over with broad-~headed iron nails, 
and upon these, when the tides are very low, I have frequently found oysters 
adhering. A dredgerman, moreover, lately brought me in an exceedingly 
fine specimen, viz. the square bit of iron that was used formerly to go round 
the head of the wooden stock of an anchor; upon this square bit of iron I 
found no less than twenty-four oysters of various sizes and ages. 

6. Oysters will also adhere to wood. Much has been said lately upon the 
advantage of placing down fascines or faggots for the use of the young oyster. 
I at once pronounce this to be a delusion and a snare, and I entreat those 
interested in the matter never to go to any trouble or expense in placing 
down fascines for this purpose. The experiment has been tried over and 
over again in England, and with the simple result that the fascines are ex- 
cellent cellectors of mud and seaweeds, sometimes of barnacles, but hardly 
ever of spat. I now show you two solitary specimens, one from the Isle of 
Ré, and the other from Mr. Wiseman’s grounds at Paglesham; but the 
failures in this direction so much preponderate over the successes that I 
should never advise their use. 


In the experiments now under my charge at Herne Bay, it is true, I have 
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wed fascines very largely, and this for two reasons—firat, to try the expe- 
rment of catching oysters with them; and secondly, to make the fascines 
do the very work they seemed most inclined to do, viz. to collect the weeds 
md the mud. I made with these fascines enclosures of various sizes and 
tapes, and inside them I placed the tiles, which were thus guarded both 
fom the mad and also from the long belt-weed, which bothered me much by 
‘ating among the tiles and upsetting them. This is a good example of one 
f the difficulties of oyster-culture, and a proof that he who undertakes such 
cutters must closely observe the actions of various materials wher placed in 
the sea, and use these natural tendencies to the advancement of the object he 
isin view. I show a water-colour drawing of my works at Herne Bay, 
On Dredging. 

The subject of dredging has occupied my moat serious attention. It isa 
question upon which legislation is at fault, or rather those who make the 
1.¥3 know not what laws they ought to make, as they have not studied the 
natural history of the animal which they wish to protect from injury. 

Dredging consists in sailing over the grounds and scraping the ground with 
11 mstrument called a dredge ; it is made chiefly of iron; the front part of 
i: has a sharpish edge to pick up the oysters, which are received into a network, 
te network being of chain in the deep-sea dredging-boats, of cow’s hide in 
‘suse boats which fish in more shallow water. 

_ds the dredge passes over the bottom of the sea it performs two opera- 
DUDS ¢ 

Ist. It picks up what oysters it may happen to meet with in ite course. 

2nd. It clears away the mud and dirt from the stones over which it passes, 

The failore of spat has been popularly attributed to over dredging, ¢. ¢. the 
sound has been so much worked that all the oysters have been taken off 
rym it,and none left for breeding-purposes. This theory I hold to be some- 
what fallacious. True it is that the Jersey beds are now unproductive; but 
[ fear that unleas they are regularly dredged they will remain for ever un- 
omductive. It is well known—and it is one of the first principles in oyster- 
‘tulture—that in order to enable the spat to adhere the culch must be perfectly 
‘lean ; if it is not dredged the mud will quickly accumulate on it, and there 
will be no places left fit for the reception of spat, should there happen to be 


spat. 

_It has been argued that if no parent oysters are left on the bed to spat 
‘here can be no young ones born to adhere to the culch. The answer to this 
‘3. that no number of dredges can pick up ail the oysters on a given space 
{ ground, and that there will be enough left to stock the ground should there 
be ‘a fall of spat,” in other words, should the spat live after it has been 
emitted from the mother’s shell. 

Supposing the ground to have but few oysters left on it on account of the 
place being so much worked with the dredge, the young oysters (should it 
bea favourable year for them) would find plenty of harbour on the clean 
culch, and the grounds would be restocked. Supposing, on the contrary, that 
the ground is thoroughly stocked with oysters, and has not been dredged for 
‘me time, they must all of them inevitably perish, on account of the culch 
beng covered with mud, even though the year has been favourable for their 
Uving, 

I would, however, draw a serious distinction as regards locality. In the 
case of the deep-sea oyster-beds, I should certainly not permit any dredging 
‘o go on during the months that the oysters are spatting, for the simple ree- 
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son that thcre is but very little mud and dirt about, and that therefore it 
cannot collect to a great extent upon the culch. 

In the case, however, of oyster-beds, whether common or private, situated 
in rivers or near the mouths of rivers, I should advise the dredging to be 
continued with the greatest vigour up to the time that the first spat is seen 
on the culch, and then, and not till then, should the beds be allowed to re- 
main quiet. 

It has been proposed to stop the dredging during the months of May and 
June. What would be the inevitable consequence? It is during the months 
of May and June that the sea flora is most luxuriant; every stone and shell 
would become coated with weed and slime-like material of some kind or 
another, and this vegetable varnish upon it would entirely prevent the young 
oysters adhering to the culch, and they would inevitably perish. If, on the 
contrary, the dredges are kept well going during these two months, the culch 
will become thoroughly clean, and the spat will be able to adhere to the sur- 
face thus prepared for them. 

The dredge in going over the ground would not, I feel convinced, do injury 
either to the spawning oyster or to the young spat. The former may be 
knocked about without any injury to its constitution, and the latter are so 
very minute that they would escape destruction by the dredge. Should, 
however, even the dredge destroy numbers of them, the mischief done would 
be well compensated by the space of ground cleaned and got ready for others ; 
for it must be recollected that when the oysters on a well-stocked bed are 
at the height of spatting the water must be perfectly full of them. 

Some friends of mine, whose living depends upon oysters, never think of 
taking off the dredges from their best spatting-ground until they see the 
spat fixed upon the culch. The theory that dredging during spatting-time 
injures the spat, they know perfectly well; they have therefore tried the 
experiment of leaving certain portions of the ground untouched ; the conse- 
quence has been that less spat was found upon this ground than upon the 
neighbouring grounds where dredging was going on all the time; the grounds, 
in fact, which had been most dredged had most spat upon them. The case of 
the flats outside Whitstable is very remarkable. Large numbers of boats from 
Whitstable and other parts have for many years past been in the habit of 
dredging these flats every day in the year, and all the year round; it follows 
to reason that, unless it paid the men to go there, they would resort to other 
places. They, however, keep to the flats—a plain proof that oysters are there. 
They are there; and the reason is, that perpetual dredging has kept the 
ground clean, and that the spat floating about from the oysters on the neigh- 
bouring beds, these flats, and other places find a place suited for them, and 
adhere there. Could we look at the bottom of the sea at the mouth of the 
Thames, we should find a well-marked spot covered with oysters more or less, 
whereas all the ground surrounding it would be blank, containing no oysters 
at all. In illustration of this fact, I would imagine a large number of corn 
seeds thrown from the sky on to Salisbury Plain: should there happen to be 
a ploughed field in the plain, the seed would fall into the earth prepared for 
its reception, would germinate and grow; whereas if it fell on the ground 
not so prepared it must inevitably perish. 

This question of dredging very seriously affects the taking in of common 
ground and applying it to private purposes. Two cases lately occurred—the 
one where Parliament granted the Herne Bay Company a considerable tract 
which had hitherto been common ground ; the other case is that of the Roach 
River Fishery, where Parliament refused to give over the commons to a pri- 
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vate company. I premise by stating that commons are absolutely necessary 
fur the stocking of private beds; they are generally in the neighbourhood of 
pnvate beds, and the spat which falls upon them is the produce of the oysters 
upon the private bed. These commons are worked by poor men to obtain 
wha they can upon them, and sell them to the owners of the beds; in so 
sing they keep the ground clean for the reception of spat. 

In the case of the Roach River Fishery, the commons are situated in a 
emparaively narrow river, and the commons adjoin the private beds almost 
x near as the various paving stones in the streets. The spat, therefore, which 
ae born on paving-stone A (which is private) are very likely to fall on 
the naghbouring paving-stone B (which is “ commons ”); anyhow the spat is 
amed up and down by the tide, and must of necessity fall in the river. 
The dredgermen perpetually work these commons, and in so doing keep them 
ready for the reception of spat. When the spat falls, they pick it up in the 
fum of brood, and sell it to the oyster-proprietors, from whose oysters it ori- 
anally came. Now it would not be right that oysters belonging to Mr. A 
should become the property of Mr. B, because they happen to swim over an 
imaginary line and settle on the adjoining ground; it would be just the same 
thing as if, a farmer breeding a number of lambs in a private field, these lambs, 
becanse they happen to get over into a common where donkeys and geese are 
fwding, should become the property of the gipsies. | 

The case of the Herne Bay Fishery is different from that of the Roach River. 
Here, as will be seen from the map, the oysters may come from anywhere. 
The Whitstable people said they came from their ground; a few of them 
might possibly have done so, but experience shows that the set of the tides 
is towards the flats out to sea, and there oysters are always found. The 
authorities who laid down the Admiralty Charts gave their evidence before 
the House of Commons, that the set of the tide at Herne Bay was from east 
to west; in fact their evidence was hardly needed, as the drift of the shingle 
slong the shores of Herne Bay amply proves it. Whitstable being to the 
westward of Herne Bay, the prevailing set of the tide would carry the spat 
tack to their ground, and not on to that of the Herne Bay ground. There 
Was not very long ago a large number of spat picked up on the Herne Bay 
ground, and I learnt from observant persons living at Herne Bay that at that 

tume the wind was from the eastward. 

Periwinkles.—To those who lay oysters on the foreshore I would now ven- 
ture to give a valuable hint, which they may possibly know before. Between 
high- and low-water mark green weed is very apt to accumulate; this col- 
kets mud, and in other respects docs injury to the oysters. No amount of 

ing or other cleaning will keep this green weed off; it is nevertheless 
very desirable to get rid of it; and this would form an excellent problem for 
thase who are in the habit of studying what is called the police of nature— 
that is, to mark the way in which the undue increase of one animal is kept 
duwn by the increase of another. Everybody knows that periwinkles are 
of great use in keeping clean the walls of an aquarium. My friends Mr. 
Wiseman and Mr. Browning of Paglesham, who are proprietors of large 
oF -fisheries, have applied the observed fact of periwinkles eating weeds 
to a practical operation on a large scale. 

The foreshore where their oysters are laid is very subject to this green 
weed; they have therefore turned out large numbers of periwinkles upon it, 
and these, eating up the green weed, clean the foreshore in the most wonder- 
fal way. It is curious to remark how periwinkles, obeying their apparently 
natural instinct, are in the habit of climbing up poles which are put in as 


10 REPORT—1865. 


beacons; they crawl up these poles as far as they can, and then, remaining 
out of water till they are nearly dried up, drop back again. . 


Experimenis on the Foreshore on a large scale, 


The Herno Bay Oyster Company having deputed me to carry out experi- 
ments on their grounds at Herne Bay according to the much talked-of French 
system of oyster-culture, I have since the month of May last been almost 
exclusively occupied in these experiments. Having carefully studied the 
whole system of tiles and fascines as adopted in the Isle of Ré, actual ex- 
perience has shown me that the French system cannot be adopted on the 
English foreshores in exactly the same manner as it has been in France; almost 
at every point minor puzzles occur, which require much foresight and per- 
petual contriving to overcome. The Kemmerer tiles are, as is well known, 
coated with cement on the under side, so that, the oyster having fixed itself, 
the cement can be broken in pieces, and the oyster, when arrived at the age 
of one year, immediately let free. I have not adopted this system, prin- 
cipally on account of the expense it would necessarily entail. I have, how- 
ever, with the assistance of an ingenious brick-maker, contrived a tile of such 
@ size and such a consistency, that the necessity of having cement ia avoided, 
and the oyster will be able to be set free without fracturing its shell. 

At a comparatively small cost, but with great personal labour, I have laid 
down four thousand of these tiles on the foreshore at Herne Bay. Three great 
difficulties have occurred: these are, firstly, to keep the tiles from being 
knocked over by the waves; secondly, to obviate their unaccountable desire 
to sink into the mud, and in consequence become useless; and thirdly, the 
inconvenience of the very short time allowed by the tides to place the tiles 
in their proper position on the foreshore. Most of these matters I have, 
however, seriously considered, and, with the able help of Mr. Dilnot, a trades- 
man of Herne Bay, have overcome. 

‘The tiles I placed down at three different periods in the year, viz. in June, 
July, and beginning of August ; I examined them carefully every spring tide: 
the waves have displaced them but very slightly, and broken hardly any. 

It is as yet (September) rather early to report the actual result of the ope- 
ration, as the spat would not yet be sufficiently large to be easily appreciable ; 
I therefore hope that the present warm weather may encourage what is called 
the Michaelmas spat, and that the tiles may be found to have caught some. 

In their present condition the tiles are covered with what are locally called 
‘«‘ Nuns,” in other words balani or acorn-shells; but no young oysters are to 
be seen as yet. 

In accordance with the French plan, I have placed in my submarine parks 
and gardens broken pieces of glass, earthenware, pottery, &o. In France these 
objects would have become covered with oysters. At the locality, however, 
where we placed them the nuns took the place of the oysters. The numbers 
of numerous marine creatures which have adhered to the tiles amply prove 
that their structure is most favourable for the catching of spat, should there 
be any to catch; and the local fishermen, who first laughed at my operations, 
no longer laugh, but express their opinion that the tiles would be capital 
things, should there be any spat about. 

Anxious to ascertain the fact whether the tiles did not catch spat because 
they were not in structure adapted so to do, or because the spat perished be- 
tween the time of its being emitted from the mother’s shell and ‘in fixing 
itself, I devised the following experiments :—-I procured large glass jars and 
bottles, and, placing in these oysters which I could see to be in a anattine 
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I candidly confess I was one of the first to fall into the trap, and 
system e with others that, because the tiles, fascines, &c. were placed in the 
imagine re the oysters could be made to breed, and that if you placed tiles 
ace. herr have oysters, if you placed no tiles you would have no oysters. 
oo ¥t have explained before, the English system is to catch-the spat upon 
AS the French to catch it upon tiles. J have examined both systems, and 
ealch, © the conclusion that the tiles will (except under certain favourable 
com* ssatances) never beat the culch. 
ornave been to the Isle of Ré, and have seen (through the great kindness 
of Dr Kemmerer) the whole system; and the long and short of it is this :— 
F many years the oyster-spat in France was totally neglected, and tho in- 
habitants thought nothing about turning their beds to profitable account. 
The learned pisciculturist, M. Coste, suggested the idea of tiles being placed 
down, the idea having, I believe, been first suggested by a poor mason, M. 
Boenf, with whom I have had a long conversation. The tiles, fascines, &c. 
were placed down under the patronage of the government, and they were 
picked up covered with young oysters. The success was pronounced complete, 
fascines and tiles were all the rage, and all those who had oyster-fisheries 
their fortunes were made. 
The fact of the matter is, that the first year these various oyster-catching 
implements were laid down happened to be a year famous for an exceed- 
ingly heavy fall of spat; in other words, a vast majority of the young spat 
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born lived, thrived, and ultimately adhered to whatever they could find to 
adhere to. They found the fascines and tiles, and covered them as bees 
cover the boughs of a tree at swarming-time; and the idea was at once 
started that these fascines and tiles were the means, as it were, of creating 
the oysters which otherwise would not have been created. 

The first two or three years after these tiles, &c., were laid down happened 
to be good years for the spat living; but for the last few years the spat has 
not lived, and the natural consequence has been that they have not been 
found on the tiles in very large quantities. Oysters, in fact, are just as scarce 
this year in France as they are in England. If the artificial system with 
tiles had been such a great success, and had the tiles caught the spat when 
culch would not catch the spat, it would of necessity follow that oysters in 
France would have been very cheap, whereas in fact they are quite as dear as 
in England, and there are so few of them to be had that French agents are 
at this moment in this country buying all they can get hold of. 

There can, however, be no doubt whatever that as a rule the oysters spat 
much more freely on the west coast of France than they do at the mouth of 
the Thames and the adjoining coasts of Essex. The reason of this is, to my 
mind, obvious. Oysters require heat, or rather warmth, in their younger 
state. From the nature of the vegetation the general state of the climate can 
be pretty well ascertained. Now at the headquarters of artificial breeding, 
at the Isle of Ré, the temperature is so great that vines grow luxuriantly. 
In England the temperature is such that we can only grow corn, turnips, &c. 

The latitude of the Isle of Ré, which is situated in the Bay of Biscay, is about , 
46°, whereas the mouth of the Thames is about 514°; it is natural therefore 
to suppose (as indeed the facts show) that in ordinary years there should be 
a much larger fall of spat at the Isle of Re than on the east coast of England. 
The state of things on the west coast of Ireland seems to confirm this con- 
clusion ; for here, again, the oysters breed much more freely than they do in 
England, the cause being the warm moist climate and the even temperature 
of the air. 

In accordance with hydrographical facts, the oysters bred both in Ireland 
and Ré are taken elsewhere to fatten ; those from Ireland are brought round 
by vessels or else in boxes by railway and laid down at the mouth of the 
Thames, where in a year or so they increase greatly in the quantity of meat 
contained in the shells. The shell, too, seems inclined to take on the cha- 
racteristics of the oysters natural to the place, though direct observation will 
not as yet enable me to be sure about the fact ‘“‘ whether the young of trans- 
ported oysters will, if born in the locality where a purer breed of oysters 
exist, assume the character of the natives of the place :” this is a subject of the 
highest importance, about which no facts are yet known. In Ré the lean 
oysters are placed in what are called clares—that is to say, mud ponds; in 
these mud ponds they find food, and certainly become fatter than at the 
place where they were first born. 


Chemical Analysis. 


The object of this investigation is, first, to ascertain whence the oyster 
obtains the mineral material to secrete his house, and, secondly, what those 
materials are; for, commercially speaking, the proportion of the meat to the 
shell is of the greatest importance to the merchant who has to pay high 
prices for the transport of oysters long distances. If he buys oysters with a 
thick shell, containing a large proportion of mineral, he cannot possibly ob- 
tain as much profit as if there were more meat than shell at a given weight. 
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With this idea, I have, with the assistance of my clerk, ascertained the pro- 
portion of meat to shell in nearly forty kinds of oysters. I am indebted to 
Mr. Moore, of the Derby Museum, Liverpool, for many specimens of these 
-sters; and I shall be exceedingly obliged to any gentleman who will give 
me any specimens to enlarge my table. 


Proportion of Meat to Shell in different kinds of Oysters, ascertained by 
Mr. Frank Buckland. 


Mayor’s Bank, Galway ...... ee 
Plymouth 1.0.2... ..c cece cece eee e ec enes 
Tramore Bay, Ireland ...............+6+ 
Eastbourne, Sussex .........ccccccccees One-seventh. 


Isle of Skye 2.0... cece cee tee eens 

Red Bank Burrin, Collare, Ireland ........ 

Sandheads, Mouth of Thames ............ 

Br W. Wallace’s, Loch Ryan, Scotland .... 

xmouth Harbour .............2.000: ‘ 

Wexford, Ireland ........... cc sccceeee. One-eighth. 
Clew Bay, Ireland.............-....0000- 
Skibbereen, Cape Clear.................. 
Penmaenmawr, Wales .............-e000: 
Auglimish Bay, Ireland ................ 
Boston, Lincolnshire ...............0000+ 
Ross Muck, co. Clare, Ireland ............ 
Waterford, Ireland ........... 0c eeeees 
Channel between Dover and France ...... 
Hayling Island, near Portsmouth.......... One-tenth. 
Beaumaris, Wales ...........cceeceecaes 


One-ninth. 


Howth Bank, Ireland .................. One-eleventh. 
Mouth of the Humber .............0.00¢ One-twelfth. 
North Sea .. 0... ce ccc ccc eee ce cece One-fifteenth. 
Isle of Ré, France..........cccc cen cece One-twentieth. 


It strack me that, whereas the oysters were very different in appearance, 
ther mineral ingredients would differ correspondingly. I have therefore 
obtained the assistance of Mr. A. P. Tarner, F.C.S. He finds that the chemical 
ingredients composing the oyster-shell are three—animal matter, phosphate 
of lime, and carbonate of lime. 

Six different kinds of oysters were taken from localities widely apart ; 
and the result (given in the Table) proved directly that, as I had supposed 
from theory, the more animal matter there was in an oyster-shell, and the 
less mineral, the greater value it would be for the market; it is very satis- 
fxetory to find that the chemical ingredients of the shell of the oyster tally 
almost exactly with the prices they bear at the market. I have not as yet 
lad time to examine the meat of the oyster, but propose to report on this 
sb a future time. 
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Phosphate of lime. 
Herne Bay Native...; 096 | Rivedoux Rocks ...| 075 | North See ............ 948 
Rivedoux Rocks ...| ‘O87 | Herne Bay Native...) O47 | Red Bank Burrin...| 943 
Paglesham ............ O75 | Colchester ............ 028 | Colchester ............ 910 
Colchester ee eacscoeane 062 | Paglesham...... vesese O20 | Paglesham.,........... 905 
North Ses ..........0 ‘041 | Red Bank Burrin ...| -020 | Herne Bay Native...| 857 
Red Bank Burrin ...| 037 | North Sea ............ O11 | Rivedoux Rocks ...| -838 


Experiments on the Hatching of Oyster-spat. 

It is my firm conviction that one of the chief reasons why the young spa 
have died in such countless numbers in the open sea is, that the water is not 
of a sufficient temperature to allow them to live and thrive during the period 
in which the process of adhesion takes place. Sudden alterations of tempe- 
rature, especially from warm to cold, are also particularly fatal in their re- 
sults. I have therefore instituted a series of experiments to endeavour, if 
possible, to give the young spat a continuous supply of water at a constant 
and unvarying temperature. In doing this I have gone to some considerable 
expense; but, as a set-off against this, I have been greatly aided by Mr. 
Dilnot, a tradesman of Herne Bay, who has most kindly placed his premises 
at my disposal. 

By a somewhat complicated bit of machinery we have been enabled to keep 
up a constant supply of sea-water continually flowing for several weeks, the 
temperature being arranged by an application of artificial heat. Upon exa- 
mining the stones, shells, and other materials in this artificially warmed 
water we were much pleased to find the shells adhering in the position 
usually chosen by the young oyster itself, viz. the-underside of the shell, 
The adhesion was pretty firm, but as the water dried the shell became loose. 
and ultimately fell off. I cannot, however, but look at this as a partial ap- 
proach to success. It appears to me that the young creatures had taken up 
the position they intended to occupy, and that they died from some other 
causes. What those causes were I am hardly at present able to state; but I 
am quite certain and positive that I know what two of them were, and trust 
to be able to meet the difficulties in future trials. The task of applying 
heat artificially is no easy one, and presents many mechanical difficulties, 
which at present I can hardly see how to meet. I do not, however, despair, 
and propose further experiments during the next season. I mentioned this 
idea at the last Mecting of the Association, at Bath, and have since endea- 
voured to carry it out. Experiments of a similar kind have, I have heard, 
been instituted by Mr. William Crofts; but I have not seen his apparatus. 
Experiment has shown me the exact temperature the spat like best. 


The Question of Green Oysters. 

This is, both commercially and socially speaking, a most important ques- 
tion. The River Roach, situated on the coast of Essex, has for a hundred 
years or more produced large quantities of oysters; but, strange to say, 
none of theso oysters are ever sent to the English market, being all, with- 
out exception, sent to the markets at Dunkirk and Ostend, and thence to 
Paris, Berlin, and even, I believe, as far as St. Petersburgh. The reason 
why they are not sent to the English market is simply that they are green 
in appearance, I have examined into this question with very great care, and 
in doing so have been greatly assisted by my friend Mr. W. Wiseman, of 
Paglcsham. The oysters, strange to say, are only green in the winter, and 
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not in the summer. The greenness does not extend throughout the whole of 
their body, but simply to their beard or fin. The cause is totally unknown: 
wae attribute it to the green weed among which the oysters are placed ; others 
ty the infasoria upon which they feed: for all practical purposes suffice it to 
uy. they are most excellent and nutritious food to the human frame. Dr. 
L‘heby has made an analysis of them for Mr. Wiseman, and reports that they 
<= perfectly wholesome and contain no copper. Practical experience, more- 
“wer, proves that they are wholesome, and many dozens of them may be eaten 
vith impunity. The oysters at Marennes, in France, are so highly esteemed 
trthe French people on account of their greenness, that the oyster-culturists 
a Marennes placed them in pits in order that they might become green. 
Frm all that I can observe or ascertain, my present opinion is (and is fur~ 
ther confirmed by experiments which I have carried out), that the cause of 
the greenness is the presence of chlorophyll in the beard of the oyster. 
Frm this fact we may deduce an important practical conclusion, viz. that, if 
it he desirable to get off the greenness from the oysters, all that is required 
wil be to place them in pits, and place a covering of hurdles, brands, or 
her materials over them; so as to prevent the action of light, the chloro- 
rivll will, I believe, not be formed, and the oyster in consequence not be able 
‘take itup. This isa practical suggestion which I have made to Mr. Wise- 
ran, and which he has promised at once to experiment on. 


Falmouth Green Oysters. 


The green oysters from Falmouth have undoubtedly a bad reputation, on 
xeount of their being said to contain copper. Mr. Fox, of Falmouth, has 
tern good enough to send me samples of these oysters. I have submitted 
them to the analysis of Mr. Tarner, who reports the presence of copper in 
them, bat in very minute quantities, hardly sufficient, I should imagine, to 
do injury to the human system ; still that it is present there can be no doubt. 
It may be that the oysters obtain the copper from a solution in sea-water, 
*t from the fresh water running from the copper-mines. I propose, if oppor- 
‘aity serves, to visit Falmouth, and inquire more minutely into this fact. 
Falmouth oysters are imported in considerable quantities to the mouth of the 

; and practical experience shows that they lose all their green colour 
ca being exposed for a few months in water suited to their fattening. The 
‘dies of these Falmouth oysters when first caught are almost as green as 
arsenical paper ; the shells ‘also look green in external appearance. Upon 
pacing them in spirits of wine the spirits become dark green; there can be 
no doubt whatever that this is caused by the presence of chlorophyll. 

In conclusion, I would remark that so anxious am I about the cultivation 
of the waters, especially with reference to the Salmon and the Oyster, that I 
hire established, at my own expense, at the Royal Horticultural Gardens, 
‘ier the Science and Art Department of the South Kensington Museum, a 
“Museum of Economic Fish-culture,’”’ in which I have exhibited drawings 
md preparations illustrating the habits and natural history of the salmon, 
‘erther with samples of oysters from many parts of the United Kingdom. 
The development of the young oyster from its embryonic state to the time 
tat it is fit for market, together with the various modes of its cultivation, 
‘th by ordinary and by artificial methods, is fully illustrated. Samples of 
omtera, alive or dead, from any part of the world will be most thankfully 
retired; for any fact, however insignificant it may seem to be, is valuable. 


——— A 


16 REPOoRT—1865. 


First Report of the Committee for exploring Kent’s Cavern, Devon- 
shire. The Committee consisting of Sir Cuartes Lye, Bart., 
Professor Paiturps, Sir Jonn Lussock, Bart., Mr. Joun Evans, 
Mr. Epwagp Vivian, and Mr. Witt1aM Pence ty (Reporter). 


THe celebrated Kent’s Cavern, or Kent’s Hole, is about a mile due east from 
Torquay harbour. It is situated in a small, wooded, limestone hill on the 
western side of a valley which, about half a mile to the south, terminates 
on the northern shore of Torbay. 

The hills which surround the district consist of limestone, greenstone, 
clay-slate, and a reddish grit or compact sandstone. The two last are tra- 
versed by veins of quartz; and, with the possible exception of the green- 
stone, they all belong to the Devonian system. Indeed the entire Torquay 
peninsula is exclusively made up of rocks of this age. 

According to tradition, there were formerly four or five entrances to the 
cavern, of which two only were generally known, the others being merely 
narrow apertures or slits through which, until they were blocked up from 
within, the initiated were wont to enter clandestincly. The remaining two 
are about 50 feet apart, and occur in the face of one and the same low 
natural cliff, running nearly north and south, on the south-eastern side of 
the hill. The northern entrance is in form a rude triangle, about 6 feet 
high and 8 feet wide at the base. The southern is a natural and tole- 
rably symmetrical arch, 94 feet wide at the base, and 6 feet high. Its 
form is due partly to a gentle curvature of the strata—the apex of the 
opening being in the anticlinal axis—and partly to the actual removal, by 
natural causes, of portions of the limestone beds; the base of the opening, 
or chord of the arc, consists of undisturbed limestone; so that the entrance 
may be aptly compared to the mouth of an oven. 

From the time of the researches and discoveries which, forty years ago, 
rendered the cavern famous, to the commencement of the exploration under 
the auspices of this Association, the southern entrance has been blocked up, 
the northern alone being used by visitors. The base of the latter is about 
189 feet above the level of mean tido*, whilst that of the former is about 
4 feet lower. 

The Cavern has been known from time immemorial. Even tradition fails 
to reach back to the date of its discovery. It did not, however, attract the 
attention of scientific inquirers until September 1824, when Mr. Northmore 
visited it with the double object, as he stated, “‘ of discovering organic remains, 
and of ascertaining the existence of a temple of Mithras,” and he declared 
himself‘ happy to say that he was successful in both objects.” He was speedily 
followed by Mr. W. C. Trevilyan, who, according to the Rev. Mr. M‘Enery, 
‘‘ was the first that obtained any results of value to science.” Mr. M‘Enery, 
whose name must be for ever associated with the cavern, first visited it in the 
summer of 1825. He was at that time quite inexperienced in cavern re- 
searches ; for he states that the party which he had been induced to accom- 
pany was a large one, and that on entering the cavern he “ was the last of 
the train, for he could not divest himself of certain undefinable sensations, it 
being his first visit to a scene of this nature.” The visit was a memorable 
one ; for, separating himself from his companions, and devoting himself to 


* A “bench mark”’ of the Ordnance Survey in the road fron. Torquay to Isham farm, 
and which is at no great distance from the cavern, is, as Col. Sir H. James kindly informs 
me, 131°629 fvet above the level of mean tide at Liverpool. By pocket aneroid, the base 
of the northern entrance of the cavern is 57°35 feet above this mark.—W. P, 
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what he conjectured to be a favourable spot, he found Jord 
bones. He thus describes his feelings on the occasion :— 
first fossil teeth I had ever seen, and as I laid my hand on 
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In 1840, Mr. Godwin-Austen read a paper before the Geological Society 
of London, on the “ Bone Caves of Devonshire,” when he described the results 
of his investigations in Kent’s Hole. 

In 1846, the Torquay Natural History: Society appointed a Committee to 
conduct an exploration of a small portion of the cavern. Though their object 
was mainly to obtain specimens for the Society’s Museum, very careful atten- 
tion was given to the positions and associations of all the articles found. <A 
paper embodying the results of this investigation was drawn up by Mr. 
Vivian, a member of the Committee, and read in 1847 before the Geological 
Roaety of London. A mention of this communication appeared in the 3rd 
volume of the Quarterly Journal of the Society. 

Though it may be doubted, perhaps, whether any of the foregoing explora- 
tions were conducted with that rigid observance of method which is now held 
to be necessary, all the explorers are unanimous in stating that they found 
fint “ implements” mixed up with the remains of extinct animals. 

In 1858, the results of the systematic and careful exploration of Brixham 
Cavern, on the opposite shore of Torbay, induced the scientific world to sus- 
pect that the alleged discoveries which, from time to time during a quarter 
of a century, had been reported from Kent’s Hole, might, after all, be en- 
titled to a place amongst the verities of science ; and from that time various 
proposals for further investigations have been made. As is well known, 
these suggestions took a definite form at the last Meeting of this Association, 
when a liberal grant of money was made, and a Committee was appointed 
for the purpose of further exploration. It is the object of this communica- 
tion to state what up to this time the results have been, so far as they are at 
present determined. 

The Committee have great pleasure in stating that, in reply to their appli- 
cation for permission to make the proposed investigation, the proprietor, Sir 
L, Palk, Bart., M.P., assured them most promptly that it would “ give him 
great pleasure to place every facility in their hands.” He placed the cavern 
in their exclusive custody, and suggested the moet satisfactory arrangement 
for the ultimate disposal of such objects of interest as might be found. 

Though large portions of the deposits were broken up by Mr. M‘Enery 
and his successors, there is still within the cavern a very considerable amount 
of virgin ground. The Committee, however, were desirous of selecting an 
area in which not only were the deposits certainly intact, but which would 

1965 * Cavern Researches. Simpkin, Marshall and Co., 1859. 
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not present any very great difficulties in working. After a visit of inspec- 
tion it was decided to undertake the exploration of the large chamber into 
which the southern entrance immediately opens. The mode of investigation 
was laid down, trustworthy and intelligent workmen were engaged (Mr. 
Charles Keeping, brother of the well-known fossil collector, being the chief), 
and the work, consigned to the superintendence of the two resident members 
of the Committee, Mr. Vivian and the Honorary Secretary, was commenced 
on March 28th of the present year. 

Immediately outside the cave lay a considerable talus of earth and stones, 
the upper portion of which, at least, is believed to have been thrown out by 
Mr. M‘Enery, who conducted his researches through the northern opening. 
It was necessary to cut through this mass in order to reach and make avail- 
able the entrance which the Committee had selected for their operations. 
This material was very carefally examined, partly for the purpose of detect- 
ing any objects of interest which it might contain, and partly as an initiatory 
exercise for the workmen. 

The cavern is in no part subject to any considerable amount of drip; and 
ho portion of it is drier than the chamber selected for exploration. Since the 
commencement of the work unusually heavy rains have fallen in the district, 
but water has entered through the roof at a very few points only, and in no 
instance in such an amount as to produce discomfort or inconvenience. 

The following is the succession of deposits, in descending order, which the 
chamber contained. 

1st. Huge blocks of limestone which had manifestly fallen from the roof. 
Many of them required blasting to effect their removal; and in several 
instances it was necessary to blast even the masses into which they were by 
this means divided. One of the blocks measured 11 feet long, 54 half 
broad, and 24 thick; hence it contained upwards of 100 cubic feet, and 
must have weighed fully 7 tons. In some cases two or three of them 
lay one on another, and, in a few instances, were firmly cemented together 
by a separate cake of stalagmite between each pair; whilst others lay 
unconformably with considerable interspaces. Occasionally, what appeared 
to be a boss or dome of stalagmite proved to be a block, or two or three 
small blocks, of limestone invested on all sides with a stalagmitic sheet. 
Certain masses, lying at some distance from a drop, were without even 8 
trace of stalagmite. 

2nd. Beneath these limestone blocks there was a layer of mould of an almost 
black colour. It varied from a few inches to upwards of a foot in depth. 

3rd. Underneath the black soil came a cake of stalagmitic breccia, made up 
of comparatively small fragments of limestone so very firmly cemented to- 
gether with carbonate of lime as occasionally to require blasting. It was 
rarely lesa, but not unfrequently much more, than a foot thick. Everywhere 
it was pemly attached to the walls, and it occasionally extended completely 
across the chamber. Not unfrequently, however, the centre of the chamber 
was altogether destitute of this breccia, in some instances, because there is 
no drip near the area, in others, because it was intercepted by an overlying 
limestone block. 

4th. The breccia is succeeded by the ordinary reddish cave-loam, which 
contains a large number of limestone fragments, varying in dimensions 
from bits not larger than sixpentes, to masses but little smaller than those which 
lay on the surface. They lic at all angles without anything like symmetrical 
arrangement. In fact the entire deposit is without any approach to strat- 
fication. Many of the stones are partially encrusted with calcareous matter, 
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and not unfrequently loam, stones, and splinters of bones are cemented by 
the same substance into a very tough breccia. The presence of a calcareous 
inp is more or less traceable everywhere. Hitherto the cave-earth has been 
excavated to the depth of 4 feet only. How far it extends below this, or 
what may be beneath it, is at present unknown. Where it is not covered 
with the stalagmitic breccia, the black soil lies immediately on it; but the 
ine of junction is everywhere sharply defined. In no instance do the two 
mmingle. 

Smee the large masses of limestone occur at all levels in the cave-earth as 
well as everywhere above it, it is obvious that whatever may be the cause to 
which their fall is attributable, they cannot be referred to any one and the 
«ime period. They fell from time to time throughout the accumulation of 
the eave-earth, they continued to fall whilst the stalagmitic breccia was in 
process of formation, as well as during the introduction of the black mould, 
and they are amongst the most recent phenomena which the cavern presents. 
And even of those which lie on the surface, there is conclusive evidence that 
in some cases @ considerable interval of time must have elapsed between the 
fall of two blocks lying one on the other—an interval sufficiently great for 
the formation of the cake of stalagmite between them, and which is some- 
times fully 6 inches thick. There can be little doubt that some of them 
iell very recently, even when measured by human standards. 

It is by no means easy to determine the cause which threw them down. 

To call in the aid of convulsion seems undesirable, since it would be necessary 
todo so very frequently. Moreover, it may be doubted whether anything 
short of a violent earthquake would be equal to the effect. Though the roof 
af the chamber is of very great span and entirely unsupported, and though. 
‘t presents appearances which are not calculated to inspire confidence, the 
violent concussions produced by the frequent blastings already mentioned, 
Llastings which not unfrequently throw masses of limestone, weighing up- 
wards of a ton, to a distance of several feet, have never brought down even a 
splinter. 
* the fall of the blocks has sometimes been attributed to changes of dimen- 
ions in the roof arising from changes of temperature; but the fact that the 
ravern temperature is all but constant throughout the year, seems fatal to 
this hypothesis. 

The masses lying on the surface were a sufficient guarantee that the de-. 
posits beneath them remained intact. There can be no doubt that they are 
at once a proof and the cause of the undisturbed character of the soil they 
cover. A portion of the cavern so easily accessible as is this chamber, 
would not have been spared by Mr. M‘Enery, but on account of some great 
difficulty or discouragement ; and in fact he states that the fallen masses 
completely foiled him in his attempts to make explorations in it, excepting 
‘1one branch some distance south of the area selected by the Committec. 
Their own characters, moreover, render it absolutely certain that the deposits 
have never been violated. 

The following is the method of exploration which has been observed from 
the commencement, and which it is believed affords a simple and correct 
method of determining the exact position of every object which has been 

ound. 

Ist. The black soil accessible between the masses of limestone on the sur- 
face was carefully examined and. removed. 

2nd. The limestone blocks occupying the surface of the deposits were 
blasted and otherwise broken up, and taken out of the cavern. 3 

yy 
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ord. A line, termed the “ datum line,” is stretched horizontally from a 
fixed point at the entrance to another at the back of the chamber. 

4th. Lines, one foot apart, are drawn at right angles to the datum line, 
and therefore parallel to one another, across the chamber so as to divide the 
surface of the deposit into belts termed “parallels.” | 

5th. In each parallel the black mould which the limestone masses had 
covered is first examined and removed, and then the stalagmitic breccia, so 
as to lay bare the surface of the cave-earth. 

6th. Horizontal lines, a foot apart, are then drawn from side to side acroes 
the vertical face of the section so as to divide the parallel into four layers or 
“‘ levels,’’ each a foot deep. 

Finally, each level is divided into lengths, called “ yards,” each 3 feet 
long, and measured right and left from the datum line as an axis of abscisse. 

In fine, the cave-earth is excavated in vertical slices or parallels 4 feet 
high, 1 foot thick, and as long as the chamber is broad where this breadth 
does not exceed 30 feet. Each parallel is taken out in levels 1 foot 
high, and each level in horizontal prisms 3 feet long and a foot square 
in the section, so that each contains three cubic feet of material. 

This material, after being carefully examined in situ by candlelight, is 
taken to the doorway and reexamined by daylight, after which it-is at 
once removed without the cavern. A box is appropriated to each yard ex- 
clusively, and in it are placed all the objects of interest which the prism 
yields. The boxes, each having a label containing the data necessary for 
defining the situation of its contents, are daily sent to the Honorary Secre- 
tary of the Committee, by whom the specimens are at once cleaned and 
packed in fresh boxes. Tho labels are numbered and packed with the speci- 
mens to which they respectively belong, and a record of the day’s work is 
entered in a diary. . 

The same method is followed in the examination of the black mould, 
and also of the stalagmitic breccia, with the single exception that in these 
cases the parallels are not divided into levels and yards. 

With very rare exceptions the cavern has been visited daily by one, and 
frequently by both of the Superintendents ; and Monthly Reports of progress 
have been regularly forwarded to Sir Charles Lyell, the Chairman of the 
Committee. 

Though it would be premature to attempt anything like an exhaustive 
list, it may be of interest to furnish a brief and general account of the objects 
which have been found. 

Of the articles met with in the black mould, those occurring between the 
fallen masses of limestone have been kept distinct from such as have been 
detected beneath them. Such a division, however, is not rendered necessary 
by the characters of the objects themselves, and will not be attended to on 
the present occasion. In this category also may be placed the greater num- 
ber of the specimens found in the talus outside the cavern. The collection is 
of a various miscellaneous nature. It consists of stones of various kinds, 
human industrial remains, charred wood, bones of various animals, marine 
and land-shells, and the broken shells of haszel-nuts. It passes from the 
Rabbit’s nest lined with clean dry fur and containing a couple of fresh 
green ivy-leaves, and numberless fragments of wine and porter bottles flung 
away by parties who have visited the cavern mainly from a love of frolic, 
back to tho ago of bronze implements and of flint flakes, and probably repre- 
sonts from fifteon hundred to two thousand years. 

The stones aro in most cases well rounded, and, at least, some of them are 
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of marine origin, since they are distinctly lithodomized. They consist of 
hmestone, quartz, red grit, greenstone, and flint ; all except the last derivable 
from the rocks of the immediate district, and were probably obtained from 
the neighbouring beaches, where also the flints were perhaps found; for 
though there is no flint in situ within five miles, it is a well-known fact 
that such pebbles are met with on existing beaches at much greater distances 
from any known accumulation of flints in place. The rounded stones are 
extremely numerous in the black mould, and were undoubtedly selected and 
taken to the cavern; but for what purpose it may not be easy to determine. 
There are also several pieces of hard greenish-grey grit of an elongated 
form, which were perhaps used as whetstones. Angular pieces of slate are 
alo numerous. They are probably fragments of articles fashioned by man, 
ss occasionally a piece is met with which is obviously a portion of a curvi- 
ineal plate. Such plates are mentioned by Mr. M‘Enery, who supposes 
them to have been used as covers for earthenware vessels. The human in- 
dustrial remains consist of articles in bronze and in bone, pottery, spindle- 
whorls, and flint-flakes. The bronze articles are a fibula, the bowl and 
part of the stem of a spoon, a spear head, a fragment of a socketed celt, two 
or three rings, one coil of a helical spring, a pin about 3? inches long, and 
and an object resembling a horseshoe in form, but not more than an inch long. 
In this connexion may be mentioned a lump of metal which, from its 
general appearance, would be termed copper ore, but from its interior, a small 
portion of which has been exposed accidentally, it is probably native copper, 
wa mass of metal which has been smelted. A similar mass mentioned by 
Mr. M‘Enery, is said to have been analyzed “‘ by Mr. Phillips and found to be 
pore virgin ore.” Much of the pottery, excepting one small piece, undoubt- 
edly Samian, is extremely coarse, and in most cases it is unglazed. A large 
number of fragments have been found, but nothing approaching a perfect 
vewel, They are generally ornamented, and from the different patterns, as 
well as from other facts, it may be concluded that they represent a consider- 
ale number of utensils. One piece probably formed part of a vessel in 
vhich things were burnt, as on its inner surface there is a firm admixture of 
cay and small bits of charcoal. Much of the pottery is without doubt of 
aD age. 

The objects fashioned in bone are a comb, which in size and outline 
resembles a common shoe-lifter having teeth cut in the broad end; a 
‘poon, neatly formed of a portion of a rib, and measuring about 6 inches long 
and ths of an inch broad; a chisel about 2,$,ths inches in length, and at 
it broad end +4,ths of an inch in width ; a wedge, somewhat rudely fashioned 
cat of a horn or antler ; two small fragments which appear to be portions of 
combs, and one of which bears traces of ornamentation; and an article about 
3 inches long, apparently the handle of some tool. : 

The spindle-whorls are formed of different materials, such as Devonian 
red grit, one of the harder varieties of Triassic sandstone (rocks abundant 
in the neighbourhood), a somewhat coarse, greenish, schistose rock not found 
near the district, and Kimmeridge coal. They differ somewhat in dimen- 
ans and in workmanship; some being well finished, whilst others are so 
roughly made as to render it safer perhaps to call them simply “ holed 
‘toues,” With them may be mentioned a large bead, which appears to con- 
ust of amber or some analogous substance; and a small, holed, ellipsoidal 
ent of limestone, which was perforated probably by some lithodomous 

usk, 


The flint-flakes are four in number, two of dark and two of light or white 
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flint, the latter being the best formed. The light colour is more or less 
superficial, the centre being of a dark grey. 

The charred wood is very abundant. Some specimens are undistinguish- 
able from prepared charcoal, whilst others are obviously nothing more than 
partially burnt sticks, some of them of considerable size. 

Bones are extremely numerous. They are more or less discoloured, and 
have lost a considerable portion of their weight. It may be doubted whether 
the entire elements of any skeleton have been found lying together. 
Amongst them there are the relics of pig, deer, sheep, fox, wolf (?), bat, 
hare, rabbit, with smaller rodents, birds, and various kinds of fish. Some of 
them appear to have been exposed to the action of fire, 

The land shells are principally various kinds of snail, the larger forms 
being the most prevalent. They occur in all stages of growth, and thus 
render it probable that they had established a colony in the cavern. 
Amongst the marine shells are the limpet, whelk, oyster, cockle, mussel, 
pecten, solen or razor-shell, and the internal shell of the cuttle-fish, Sepia 
officinalis From the unrubbed condition of the last, it was probably not 

ound cast ashore on the beach, but taken directly from the cephalopod to 
which it belonged. 

The source of the shells of hazel-nuts is not far to seek. They were no 
doubt obtained from the wood in which the cavern is situated, and were 
perhaps carried in by small animals whose homes were under the fallen 
_ masses of limestone where tho shells were found. Most of them are per- 
forated at one end. 

In passing below the black mould we first encounter the stalagmitic 
breccia. This the workmen carefully break into small fragments, in order to 
detect any articles of interest imbedded in it. The search, though not very 
productive, has not been quite fruitless. In the breccia have been found 
charred wood, marine and land shells, and bones of various animals, some of 
which perhaps are extinct. 

Immediately beneath this cake we enter tho red cave-loam, and at once 
find ourselves amongst the relics of several species of extinct animals. The 
only differences in the four successive levels in which, as already stated, the 
red loam is taken out are simply that the first or uppermost is the poorest, 
and the third, perhaps, the richest in osseous remains; and that the three 
lower levels contain a large amount of minutely comminuted bone, of which 
there are very few instances in the uppermost foot. In other respects the 
levels are the same—cverywhere the same in the materials which form the 
staple of the deposit ; in the occurrence of pebbles of various kinds of rock, 
which differ from those in the overlying black mould only in being less 
numerous; in the presence of bones in the same condition and representing 
the same species of animals; and in yielding “flint implements” of the 
same types. It will not be necessary, therefore, to describe each level sepa- 
rately or in detail. 

The bones found below the stalagmite are heavier than those met with 
above it. This distinction is so well marked and so constant as to be cha- 
racteristic. It would be easy to assign them to their respective deposits 
by their specific weights alone. Most of those from the red loam are but 
little discoloured, indeed some of them are ofa chalk-like whiteness. A few, 
however, occur here and there which have undergone a considerable amount 
of discoloration, a consequence, probably, and also a proof of a greater degree 
of exposure before their inhumation. On most’ of tho latter, certain lines 
and patehes of lighter colour not unfrequently present themselves, which 
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may be likened to such as are sometimes left by mosses or lichens on objects 
on which they have grown. 

A large number of bones, including jaws, teeth, and horns, are scored with 
weth-marks, clearly the work of animals of different kinds. Some of the 
long bones are split longitudinally, Many appear to have been rolled, 
inluding most of those which have been gnawed; and in the case of the 
istter, it is tolerably obvious that the rolling was subsequent to the gnawing. 
Sune of those found beneath the large masses of fallen limestone are in a 
uushed condition, and thus apparently attest the fact that the deposit on 
which they lay, and on which the blocks fell, was of a compact nature, and 
capable of a firm resistance. 

The minutely comminuted bone already spoken of, is commonly found 
converted with loam and stones into a firm breccia. Not unfrequently, 
however, it occupies the hollow cavities of some of the larger bones. 
With it there sometimes occurs a cream-coloured substance, which jn a few 
instances hag been met also in the form of small detached lumps having a 
uw specific gravity. This, as well as some of the comminuted bone, has 
ben supposed, to be of fecal ongin. 

In cleaning the bones it is frequently found to be impossible ta remove 
entirely the earthy matter from them. They aro at least partially invested 
nth a thin film, which defies the brush and water. On drying, however, 
tus matter commonly scales off, and proves to be a paste or paint composed 
a loam and carbonate of lime, the latter probably derived from drip from 
we roof. 

Large portions of the osseous remains occur in the forms of fragments 
and mere splinters. The identifiable parts are chiefly teeth, which are ex- 
xemely numerous. Amongst the Mammals represented, there are certainly 
the Cave-bear, Cave-lion, Cave-hysna, Fox, Horse (probably more than 
une species), Ox, several species of Deer, the tichorhine Rhinoceros, and 
Mammoth, Hemains of the Hyena are probably the most abundant, after 
which come those of Rhinoceros and Horse. The relics of the Mammoths 
(both molars and tusks) are those of very young individuals. 

It has already been hinted that “flint implements” occur everywhere in 
the cave-earth mixed up with the remains of extinct Mammals. Several of 
them were found in the presence of, and some of them by, the Syperin- 
vendents. Like the bones, they are least abundant in the uppermost 
ivot, and occur in greatest numbers in the lowest zones. Altogether, and 
withont reckoning doubtful specimens and numerous chips, nearly thirty 
“implements”? have been dug out. Though the designation of “ flint” is 
saven to all, some of them are perhaps of chert. Of the flints propery a 
called, some are of a dark, and others of a light-grey colour, whilst a thi 
land are almost white, and have a porcellanous aspect. With the exception 
of three, they are all of the kind known as flakes—flat on one side, and more 
ot less carinated on the other. Some of them are fragments only, others 
were found broken in the deposit with the parts lying in contact, whilst 
others again are perfect. Some of the broken specimens of the white variety 
~how that they are not of this colour throughout their entire mass, but have a 
dark central axis or core, The flakes agree in character with those in the 
tlack overlying mould. The excepted three are of chert, and are worked on 
‘wth sides. They were found in the second, third, and fourth levels ; one in 
“ach. That from the second foot is about 43 inches long, and, where 
widest, "4 broad. At one end it tapers to a point, and narrows to no more 
than an inch at the other, a4 outline it is rudely a segment of a 
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curvilineal figure, and is slightly falciform. The inner or concave margin is 
the cutting edge. Unfortunately the tip of the pointed end was broken off 
after exhumation. Those from the third and fourth levels are more highly 
wrought “implements.” They are worked to an edge around the entire 
perimeter. In outline they are rather ovoid than elliptical, being narrower 
at one end than at the other. That from the third foot measures 44 inches 
in length, and its greatest breath and thickness are respectively 3} inches 
and 2 of aninch. That found in the fourth zone, the lowest yet reached, is 
the most elaborately finished “implement” of the series. It is lighter in 
colour and somewhat smaller than the preceding two, its dimensions being 
3} inches long, 24 broad, and # in thickness. 

Without intending at present to enter on the consideration of all the 
bearings of the entire evidence produced, the Committee feel at liberty to 
express their conviction that it is totally impossible to doubt either the human 
origin of the “implements,” or their inosculation, in undisturbed soil, with 
the remains of the Mammoth, the Cave-bear, and their extinct contem- 
poraries. 

Nor are these the only indications of human existence found in the cave- 
earth. Several small pieces of burnt bone have been met with in the red 
loam, some of them loose and detached, others of small size and incor- 
porated in the breccia composed of loam, stones, and comminuted bone. 

Mention has been made already of the occurrence in the cave-earth of 
rounded stones not derivable from the limestone hill in which the cavern is 
situated. Itseems probable that at least some of them were selected and taken 
there by man; though it may not be easy, perhaps, to determine in all cases 
for what purpose. But, waiving this point, there are two stones which must 
not be hastily dismissed. The first of them is 4} inches long, and something 
less than 1 inch square in the section. Itis a mass of hard purplish-grey grit, 
and is undoubtedly a whetstone, or rather a portion of one. It was found 
in the first level of the cave-earth, in a small recess or cavity in the northern 
wall of the chamber, immediately beneath a projecting stratum of limestone 
in situ. In this cavity the stone stood with its longest axis vertical. The 
Superintendents were inclined to the opinion that it had slipped through a 
hole into the cavity at a comparatively recent date; and they diligently set 
to work to find the means of its ingress. Here, however, they were com- 
pletely foiled. There was no hole or passage, vertical or lateral, by which 
the cavity could have been entered. Not only, as has been said, was 
there a thick stratum of limestone im situ immediately over the recess, 
but over this again, as well as over the red loam, there was a thick com- 
pact mass of stalagmitio breccia, consisting of large and small pieces of lime- 
stone firmly cemented, and having a height of fully 8 feet; the whole of 
which was removed before the cavity was disclosed or its existence suspected. 

The second stone is a rude flattened spheroid, formed from a pebble of 
coarse, hard, red sandstone, and apparently used for breaking or crushing. 
Its diameters measure 27 and 17 inches. It was found in the second level 
of the red cave-earth, over which lay an enormous block of limestone, but 
no stalagmite. 

In addition to the pleasure which always attends scientific discovery, the 
Committee have had the gratification of confirming most of the statements 
of their predecessors. Any differences observable between the statements 
now made and those of the earlier investigators arise from defective, not 
conflicting evidence. For example, the Committee have not yet been so 
fortunate as to find the remains of Machatrodus latidens, mentioned and 
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igured by Mr. M‘Enery *, nor of Hippopotamus major, alluded to by Prof. 
Owen t a8 occurring in the cavern; nor have they found anything in the 
least degree calculated to bring the statements alluded to into discredit. 
Again, 0 far as their researches have gone, the Committee have not, like 
Yr. Godwin-Austen, found the bones of man mixed up, in undisturbed soil, 
with those of extinct animals +; it will be seen, however, that there is no 
épronimprobability in the statement of the distinguished geologist just 
mentioned; and the Committee would remind such as may be disposed to 
attach importance to the fact that men’s bones are not forthcoming as readily 
«3 their implements, that in the black mould, as well as in the red loam of 
the cayern, the only indications of man’s existence are remnants of his handi- 
ork, Pottery, implements and ornaments in bone, metal, and stone, the 
remnants of his fires, and the relics of his feasts are numerous, and betoken 
the lapse of at least two milleniums; but here, as well as in the older de- 
psits below, the Committee have met with no vestige of his osseous system. 

In conclusion, the Committee would observe that the value of their 
lbonrs is not to be measured by the discoveries, or rather the rediscoveries, 
which they have made. They have not only disinterred a valuable body of 
fet, but with it a confirmation of the concurrent statements of M‘Enery, 
Godwin-Austen, and the Committee of the Torquay Natural History Society ; 
and have thereby more than doubled the amount of trustworthy evidence 
vhich they have themselves produced. 


Report of a Committee “ appointed to report on the changes which 
they may consider desirable to make, if any, in the Rules of Zoolo- 
gical Nomenclature drawn up by Mr. H. E. Strickland, at the 
matance of the British Association at their Meeting in Manchester 
tr 1842.” 

Ruroax of the Nomenclature of Zoology was a subject which occupied much 

the time of the late Hugh E. Strickland§. It was his object that this 

reform should be brought forward under the auspices of the British Asso- 
cation, and at a meeting of the Council of that body, held in London upon 
llth of February, 1842, it was resolved—‘ That with a view of securing 
sttention to the following important subject, a Committee, consisting of Mr. 

(. Darwin, Professor Henslow, Rev. L. Jenyns, Mr. W. Ogilby, Mr. J. 

Phillips, Dr. Richardson, Mr. H. E. Strickland (reporter), Mr. J. O. Westwood, 

be appointed, to consider of the rules by which the nomenclature of zoology 

may be established on a uniform and permanent basis; the Report to be 
presented to the Zoological Section, and submitted to its committee at the 

Manchester Meeting” ¥|. 

This Committee met at various times in London, and the following gen- 
lemen were added to it, and assisted in its labours:—W. J. Broderip, 
Profesor Owen, W. E. Shuckard, G. R. Waterhouse, and W. Yarrell. An 
vathne of the proposed code was drawn up and circulated, and many valuable 


* Cavern Researches, p. 32, and plate F. (8vo Edition). 
+ Beitish Foasil Mammals and Birds, . 410 (1846). 

Trane. Geol. Soc., Second Series, vol. vi. +2. pp. dad & 446. 

See Memoirs of Hugh Edwin Strickland, by Sir W. Jardine, Bart., pp. clxxv. and 375. 
Report of Twelfth Meeting of the British ination held at Man r, June 1842, 
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suggestions were received from eminent zoologists at home and abroad. The 
‘‘ plan” was further considered by the Committee during the Meeting at 
Manchester, “and the Committee having thus given their best endeavours — 
to maturing the plan, beg now to submit it to the approval of the British | 
Association under the title of—‘Series of Propositions for rendering the 
nomenclature of zoology uniform and permanent’ ”*, 

The propositions were printed in the Reports of the British Association, — 
and a grant of money was voted to print copies for circulation. The rules | 
thus laid down were very generally adopted by zoologists, both in this 
country and abroad; but in Great Britain having been printed only in | 
the volumes of the British Association, ‘Annals of Natural History,’ and — 
‘ Philosophical Magazine’t+, or depending on private circulation, it was — 
deemed advisable that greater publicity should be given to them, and at the | 
Meeting at Oxford in 1860 it was resolved, that ‘‘ The surviving members of 
the Committee appointed in 1842, viz., Mr. C. Darwin, Rev. Professor | 
Henslow, Rev. L. Jenyns, Mr. W. Ogilby, Professor Phillips, Sir John - 
Richardson, Mr. J. O. Westwood, Professor Owen, Mr. W. E. Shuckard, | 
and Mr. G. R. Waterhouse, for the purpose of preparing rules for the esta- 
blishment of a Uniform Zoological Nomenclature, be reappointed, with Sir , 
W. Jardine, Bart., and Dr. Sclater. That Sir W. Jardine, Bart., be the — 
Reporter, and that the sum of £10 be placed at their disposal for the pur- — 
pose of revising and reprinting the Rules’’t. | 

From the difficulty of bringing such a Committee together, nothing was © 
done since the time of its appointment; but the resolution and a grant of 
money were again renewed at the late Meeting in Newcastle, as follows:— _ 
‘That Sir W. Jardine, A. R. Wallace, J. E. Gray, Professor Babington, Dr. 
Francis, Dr. Sclater, C. Spence Bate, P. P. Carpenter, Dr. J. D. Hooker, | 
Professor Balfour, H. T. Stainton, J. Gwyn Jeffreys, A. Newton, Professor — 
T. H. Huxley, Professor Allman, and G. Bentham, be a Committee, with 
power to add to their number, to report on the changes, tf any, which they 
may consider it desirable to make in the Rules of Nomenclature drawn up 
at the instance of the Association by Mr. H. E. Strickland and others, with 
power to reprint these Rules, and to correspond with foreign naturalists and 
others on the best means of ensuring their general adoption, and that the - 
sum of £15 be placed at their disposal for the purpose.” 

Accordingly the Rules, as originally approved of, were reprinted, and 
zoologists were requested “ to examine them carefully, and to communicate 
any suggestions for alteration or improvement, on or before the lst of June, 
1864, to Sir William Jardine, Bart., Jardine Hall, by Lockerby, N. B., who 
will consult with the members of the Committee, and report upon the sub- 
ject at the next Meeting of the British Association appointed to be held at 
Hath.” 

From the press of business at Bath the Committee did little there to com- 
plete further the code of Zoological Nomenclature, and I was directed to 
take some opportunity while in London to call together as many members 
of the Committee as possible. Accordingly in the month of June last I sent 


* Report of Twelfth Meeting, 1842, p. 106. 

+ At the Scientific Congress held in 1843 st Padua, the late Prince C. L. Buonaparte 
estanitted to the meeting an Italian translation of the ‘ British Association’s Code of Rules,’ 
whut was generally approved of. A French translation of the Report appeared in the 
ewuntifie journal ‘ 7 nstitut,’ in which paper much etress was laid on the importance of 
‘i: wuameure, A review of it was also printed in the ‘ American Journal of Science.’ 

$ Mepesrte of the British Association held at Oxford, 1860, p. xlvi. 
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s circular to the following members that I considered were within compara- 
ively easy reach, and who I thought might be able to attend in London 
without much inconvenience, viz., Mr. Gwyn Jeffreys, Mr. Wallace, Dr. 
Gray, Professor Babington, Dr. Francis, Dr. Sclater, Dr. J. Hooker, Mr. 
Stainton, Professor Huxley, Mr. A. Newton, and Mr. G, Bentham. Mr.Gwyn 
Jeffreys kindly permitted this meeting to be held at his house in Devonshire- 
place, and it was attended by myself, Mr. Gwyn Jeffreys, Mr. Wallace, and 
Dr. Sclater ; the other gentlemen who had been invited sending apologies that 
from various causes they were unable to come up to London or to attend. 
They, however, expressed themselves generally favourable to some codo of 
rules being adopted. 

Professor Babington having returned his printed copy of the rules with 
hie observations written on the margin, the Committec were fully in posession 
of is views. Mr. Wallace had brought with him a written memorandum 
contamning notes of what he thought could be altered or modified with 
advantage. The members present then read over the printed rules and 
recommendations one by one, and carefully compared them with the memo- 
rads above mentioned, as well as with many letters from other naturalists, | 
and the observations made upon each were taken down at the time. The re- 
cmmendations of the Committee, which I shall presently read to you, have 
bren based upon these observations, and upon the conferences and discussions 
beld at Birmingham during the present Meeting. 

Since the time that Mr. H. E. Strickland’s Rules and Recommendations 
were printed in the Reports of the British Association, zoological nomen- 
cdature has not been improved. Whether it is from the rules and recom- 
mendations not being sufficiently well known, or from an idea that no one 
has any right to interfere with or make rules for others, many gentlemen 
appear to cast them away, and do not recognize them at all, while others 
accept or reject just what pleases themselves; in consequence many very 
ctjectionable names have been given, and a very base coinage and spurious 
cumbinations have been going on. The Committee does not allude to very 
long or harsh sounding names, though they are much to be deprecated even 
when classically compounded ; but they object to indelicate names, or to such 
cappounds as Malherbipicus, Kaupifalco, Zebrapicus, &c.; or, when a new 
frm in the genus Procellaria is thought to be discovered, and honour is 
intended to be done to a distinguished navigator, such a word as Cookilaria 
is proposed ; ov, when provincial names are attempted to be Latinized, as in 
the case of a fish commonly known as the “ Jom Cod,” which is entered in 
our systems under the scientific (?) name of Morrhua tomcodus. These may 
le said to be extreme examples, but hundreds might be given, and it is the 
epnion of the Committee that the only way to deal with such names is 
w reject them altogether. 

In this condition of our zoological nomenclature, then, it is of the greatest 
importance that some general code of rules should be adopted and acted 
upm, The Committee were perfectly agreed upon this point, but on calling 
them together during the present Meeting of the British Association, the 
lotanists arrived at the conclusion that, having long acted in concert upon 
the rales laid down by Linneus in the ‘ Philosophia Botanica,’ and by Sir 
James E. Smith, Decandolle, and others, it was unnecessary for them to have 
Botany included in the Stricklandian code ; at the same time they were sen- 
fible that some generally recognized code would be of the utmost importance 
to zoology. The Committee therefore are of opinion and recommend :— 
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I. That Botany should not be introduced into the Strickland rules and 


recommendations. 

II. That the permanency of names and convenience of practical appli- 
cation being the two chief requisites in any code of rules for scien- 
tific nomenclature, it is not advisable to disturb by any material 
alterations the rules of zoological nomenclature which were au- 
thorized by Section D at the Mceting of the British Association at 
Manchester in 1842. 

UI. The Committee are of opinion, after much deliberation, that the 
XIIth edition of the ‘Systema Nature’ is that to which the limit 
of time should apply, viz. 1766. But as the works of Artedi and 
Scopoli have already been extensively used by ichthyologists and 
entomologists, it is recommended that the names contained in or 
used from these authors should not be affected by this provision. 
This is particularly requisite as regards the generic names of 
Artedi afterwards used by Linneeus himself. . 

In Mr. H. E. Strickland’s original draft of these Rules and Recommen- 

dations the edition of Linnseus was left blank, and the XIIth was inserted by 
the Manchester Committee. This was done not as being the first in which the 
Binomial nomenclature had been used, as it commenced with the Xth, but as 
being the last and most complete edition of Linneus’s works, and containing 
many species the Xth did not. For these reasons it is now confirmed by 
this Committee, and also because these rules having been used and acted 
upon for twenty-three years, if the date were altered: now, many changes of 
names would be required, and in consequence much confusion introduced. 

IV. In Rule 13th, “Specific names, when adopted as generic, must be 
changed.” The Committee agree that it is exceedingly injudicious 
to adopt a specific name as a generic name, but they are of opinion 
that where this has been done, it is the genertc name which must be 
thrown aside, not the old specific name, and that this rule should 
be so altered as to meet this. 

VY. The recommendations under ‘Classes of objectionable names,” as 
already pointed out, cannot be too carefully attended to. Spec fic 
names from persons have already been sufficiently prostituted, and 
personal generic names have increased to a large and undeserving 
extent. The handing down the name of a naturalist by a genus 
has always been considered as the highest honour that could be 
given, and should never be bestowed lightly ®. 

VI, The recommendation, ‘Specific names to be written with a small 
tnttial.”” The Committee propose that this recommendation should 
be omitted. It is not of great importance, and may be safely left 
to naturalists to deal with as they think fit. 

These are the chief alterations and modifications the Committee have to 
suggest. It is scarcely possible to make any code of rules for a subject so 
oxtensive as zoology cither perfect in itself or such as will meet the opinions 
of every one. It must be a matter of compromise, and as working by no 
rules is creating great confusion and an immense increase in synonymy, the 
Committee would ask this Section to approve their present report or finding, 


* “Hoo unicum et sammum premium laboris, sancte servandum, et caste dispen- 
eandum ad incitamentum et ornamentum Botanices.”—Phil. Botan., p. 171. 
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and to give their sanction to these Rules and Recommendations as now pro- 
posed to be modified. 
Signed on the part of the members of Committee 
present at Birmingham * by Wu. Janpine, Reporter. 


On the preceding Report being read to Section D, upon Tuesday, 19th 
September, the following motion was made and carried unanimously :— 
Moved by Mr. Gwyn Jeffreys, seconded by Dr. Sclater,—That the Re- 
port now read be approved of and adopted by the Section, and that 
the Rules or propositions, as thereby altered and amended, be printed 
in the Reports of the British Association and recommended for the 
general use of zoologists. 


‘PART I. 
RULES FOR RECTIFYING THE PRESENT ZOOLOGICAL NOMENCLATURE. 


[Zemitation of the Plan to Systematic Nomenclature. } 

In proposing a measure for the establishment of a permanent and uni- 
versal zoological nomenclature, it must be premised that we refer solely to 
the Latin or systematic language of zoology. We have nothing to do with 
vernacular appellations. One great cause of the neglect and corruption 
which prevails in the scientific nomenclature of zoology, has been the 
frequent and often exclusive use of vernacular names in lieu of the Latin 
lanomial designations, which form the only legitimate language of systematic 
wology. Let us then endeavour to render perfect the Latin or Linnean 
method of nomenclature, which, being far removed from the scope of national 
vanities and modern antipathies, holds out the only hope of introducing into 
mology that grand desideratum, an universal language. 

[Law of Priority the only effectual and just one. ] 

It being admitted on all hands that words are only the conventional signs 
of ideas, it is evident that language can only attain its end effectually by 
being permanently established and generally recognized. This consideration 
ought, it would seem, to have checked those who are continually attempting 
to subvert the established language of zoology by substituting terms of their 
gn coinage. But, forgetting the true nature of language, they persist in 
confounding the name of a species or group with its definition; and because 
the former often falls short of the fulness of expression found in the latter, 
they cancel it without hesitation, and introduce some new term which 
appears to them more characteristic, but which is utterly unknown to the 
stience, and is therefore devoid of all authorityt. If these persons were to 
object to such names of men as Long, Little, Armstrong, Golightly, &c., in cases 
where they fail to apply to the individuals who bear them, or should complain 
of the names Gough, Lawrence, or Harvey, that they were devoid of meaning, 
and should hence propose to change them for more characteristic appella- 
tions, they would not act more unphilosophically or inconsiderately than 
they do in the case before us; for, in truth, it matters not in the least by 
what conventional sound we agree to designate an individual object, provided 
the sign to be employed be stamped with such an authority as will suffice to 

* The Members of the Committee present at Birmingham were A. R. Wallace, Professor 
Babmgton, Dr. Francis, Dr. Sclater, a Spence Bate, P. P. Carpenter, Professor Balfour, 
H. T. S&sinton, J. Gwyn Jeffreys, A. Newton, G. Bentham, and Sir W. Jardine, Bart. 


t Larose says on this subject, “ Abstinendum ab hac innoyatione que nunquam 
cessret, quin indies sptiora detegerentur ad infinitum,” 
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make it pass current. Now in zoology no one person can subsequently claim 
an authority equal to that possessed by the person who is the first to define 
a new genus or describe a new species; and hence it is that the name 
originally given, even though it may be inferior in point of elegance or 
expressiveness to those subsequcntly proposed, ought as a general principle 
to be permancntly retained. To this consideration we ought to add the 
injustice of erasing the name originally seletted by the person to whose 
labours we owe our first knowledge of the object ; and we should reflect how 


much the permission of such a practice opens a door to obsoure pretenders — 


for dragging themselves into notice at the expense of original observers. 
Neither can an author be permitted to alter a name which he himself has 
once published, except in accordance with fixed and equitable laws. It is 
well observed by Decandolle, “ L’autour méme qui a le premier établi un nom 
n’a pas plus qu’un autre le droit de le changer pour «simple cause d’impro- 
pricté. La priorité en effet est un terme fixe, positif, qui n’admet rien, ni 
d’arbitraire ni de partial.” 

For these reasons, we have no hesitation in adopting as our fandamental 
maxim, the “law of priority,” viz., 

§ 1. The name originally given by the founder of a group or the describer 
of a species should be permanently retained, to the exclusion of all subsc- 
quent synonyms (with the exceptions about to be noticed). 

Having laid down this principle, we must next inquire into the limitations 
which are found necessary in carrying it into practice. 


[Not to extend to authors older than Linnaus. | 


As our subject matter is strictly confined to the binomial system of nomen- 
clature, or that which indicates species by means of two Latin words, the one 
generic, the other specific, and as this invaluable method originated solely 
with Linnseus, it is clear that, as far as species are concerned, we ought not 
to attempt to carry back the principle of priority beyond the date of the 12th 
edition of the ‘Systema Nature,’ 1766. Previous to that period, natural- 
ists were wont to indicate species not by a name comprised in one word, but 
by a definition which occupied a sentence, the extreme verbosity of which 
method was productive of great inconvenience. It is true that one word 
sometimes sufficed for the definition of a species, but these rare cases were 
only binomial by accident and not by principle, and ought not therefore in 
any instance to supersede the binomial designations imposed by Linnzus. 

The same reasons apply also to generic names. Linnzeus was the first to 
attach a definite value to genera, and to give them a systematic character by 
means of exact definitions ; and therefore, although the names used by pre- 
vious authors may often be applied with propriety to modern genera, yet in 
such cases they acquire a new meaning, and should be quoted on the authority 
of the first person who used them in this secondary sense. It is true, that 
several of the old authors made occasional approaches to the Linnean exact- 
ness of generic definition, but still these were but partial attempts; and it 
is certain that if in our rectification of the binomial nomenclature we once 
trace back our authorities into the obscurity which preceded the epoch of its 
foundation, we shall find no resting-place or fixed boundary for our researches. 
The nomenclature of Ray is chiefly derived from that of Gesnor and Aldrv- 
vandus, and from these authors we might proceed backward to lian, Pliny, 
and Aristotle, till our zoological studies would be frittered away amid the 
refinements of classical learning*. 

* * Quis longo evo recepta vocabula commutaret hodie P”— Zinnens. 


RULES OF ZOOLOGICAL NOMENCLATURE. 3st 


We therefore recommend the adoption of the following proposition :— 

§ 2. The binomial nomenclature having originated with Linnsus, the law 
of priority m respect of that nomenclature, is not to extend to the writings 
of antecedent authors, and therefore specific names published before 1766 
eannot be used to the prejudice of names published since that date. 

‘It should be here explained, that as the works of Artedi and Scopoli have 
ilready been extensively used by ichthyologists and entomologists, the names 
contained in or used from these authors should not be affected by this provi- 
son. This is particularly requisite as regards the generic names of Artedi, 
afterwards used by Linnseus himself. Brisson also, who was a contemporary 
cf Linneus and acquainted with the ‘Systema Naturm,’ defined and pub- 
shed certain genera of birds which are additional to those in the twelfth edi- 
tion of Linnseus’s works, and which are therefore of perfectly good authority. 
But Brisson still adhered to the old mode of designating species by a sentence 
instead of a word, and therefore while we retain his defined genera, we do 
not extend the same indulgence to the titles of his species, even when the 
latter are accidentally binomial in form. For instance, the Perdix rubra of 
Brisson is the Tetrao rufus of Linneus; therefore as we in this case retain 
the generic name of Brisson and the specific name of Linneus, the correct 
tite of the species would be Perdix rufa (Linn.). 


[Generic names not to be cancelled in subsequent subdivisions. ] 

As the number of known species which form the groundwork of zoological 
science is always increasing, and our knowledge of their structure becomes 
more complete, fresh generalizations continually occur to the naturalist, and 
the number of genera and other groups requiring appellations is ever becom- 
ing more extensive. It thus becomes necessary to subdivide the contents of 
ad groups, and to make their definitions continually more restricted. In 
carrying out this process, it is an act of justice to the original author that his 
generic name should never be lost sight of; and it is no less essential to the 
welfare of the science, that all which is sound in its nomenclature should 
remain unaltered amid the additions which are continually being made to it. 
Un this ground we recommend the adoption of the following rule :— 

§ 3. A generic name, when once established, should never be cancelled in 
any subsequent subdivision of the group, but retained in a restricted sense 
for one of the constituent portions. 


[Generic names to be retained for the typwal portion of the old genus. ] 
When a genus is subdivided into other genera, the original name should 
be retained for that portion of it which exhibits in the greatest degree its 
essential characters as at first defined. Authors frequeutly indicate this by 
selecting some one species as a fixed point of reference, which they term the 
“type of the genus.” When they omit doing so, it may still in many 
cases be correctly inferred that the first species mentioned on their list, if 
found accurately to agree with their definition, was regarded by them as the 
trpe. A specific name, or its synonyms, will also often serve to point out 
the particular species which by implication must be regarded as the original 
trpe of a genus. In such cases we are justified in restoring the name of the 
old genus to its typical signification, even when later authors have dono 
otherwise. We submit therefore that 
§ 4. The generic name should always be retained for that portion of the 
original genus which was considered typical by the author. 
Ezample.—The genus Picwnnus was established by Temminck, and in- 
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cluded two groups, one with four toes, the other with three, the former of 
which was regarded by the author as typical. Swainson, however, in raising 
these groups at a later period to the rank of genera, gave a new name, Asthe- 
nurus, to the former group, and retained Picumnus for the latter. In this 
case we have no choice but to restore the name Picumnus, Temm., to its cor- 
rect sense, cancelling the name Asthenurus, Sw., and imposing a new name 
on the three-toed group which Swainson had called Picumnus. 


[ When no type is indicated, then the original name is to be kept for that 
subsequent subdivision which first received tt. ] 


Our next proposition seems to require no explanation :— 

§ 5. When the evidence as to the original type of a genus is not perfectly 
clear and indisputable, then the person who first subdivides the genus may 
affix the original name to any portion of it at his discretion, and no later 
author has a right to transfer that name to any other part of the original 
genus, 


[A later name of the same extent as an earlier to be wholly cancelled.] 

When an author infringes the law of priority by giving a new name to 
a genus which has been properly defined and named already, the only penalty 
which can be attached to this act of negligence or injustice, is to expel the 
name so introduced from the pale of the science. It is not right, then, in 
such cases to restrict the meaning of the latter name so that it may stand 
side by side with the earlier one, as has sometimes been done. For instance, 
the genus Monaulus, Vieill. 1816, is a precise equivalent to Lophophorus, 
Temm. 1813, both authors having adopted the same species as their type, 
and therefore, when the latter genus came in the course of time to be di- 
vided into two, it was incorrect to give the condemned name Monaulus to one 
of the portions. To state this succinctly :— 

§ 6. When two authors define and name the same genus, both making it 
exactly of the same extent, the later name should be cancelled tm toto, and 
not retained in a modified sense*. 

This rule admits of the following exception :— 

§ 7. Provided, however, that if these authors select their respective types 
from different sections of the genus, and these sections be afterwards raised 
into genera, then both these names may be retained in a restricted sense for 
the new genera respectively. 

Example—The names @demia and Melanetta were originally coextensive 
synonyms, but their respective types were taken from different sections which 
are now raised into genera, distinguished by the above titles. 

[No special rule is required for the cases in which the later of two generic 
names is so defined as to be less extensive in signification than the earlier, 
for if the later includes the type of the earlier genus, it would be cancelled 
by the operation of § 4; and if it does not include that type, it is in fact 
a distinct genus. | 

But when the later name is more extensive than the earlier, the following 
rule comes into operation :— 


[.A later name equivalent to several earlier ones is to be cancelled.) 
The same principle which is involved in § 6 will apply to § 8. 
* These discarded names may, however, be tolerated, if they have been afterwards 


proposed in a totally new sense, though we trust that in future no one will kuowingly 
apply an old name, whether now adopted or not, to a new genus, (See proposition, 


q: infra.) 
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§ 8. If the later name be so defined as to be equal in extent to two or 
more previously published genera, it must be cancelled in toto. 
-—Psarocolius, Wagl. 1827, is equivalent to five or six genera 
previonsl pubhlshed under other names, therefore Psarocolius should be 
cance. 


If these previously published genera be separately adopted (as is the case 
with the equivalents of Psarocolius), their original names will of course 
prevail; but if we follow the later author in combining them into one, the 
following rule is necessary :— 


A genus compounded of two or more previously proposed genera whose cha~ 
racters are now deemed insufficient, should retain the name of one of them.] 


It sometimes happens that the progress of science requires two or more 
genera, founded on insufficient or erroneous characters, to be combined toge- 
ther into one. In such cases the law of priority forbids us to cancel all the 
onginal names and impose a new one on this compound genus. We must 
therefore select some one species as a type or example, and give the generic 
tame which it formerly bore to the whole group now formed. If these 
ongmal generic names differ in date, the oldest one should be the one 


§ 9. In compounding a genus out of several smaller ones, the earliest of 
them, if otherwise objectionable, should be selected, and its former generic. 
name be extended over the new genus so compounded. 

Esample.—The genera Accentor and Prunella of Vieillot not being consi- 
dered sufficiently distinct in character, are now united under the general 
name of Accentor, that being the earliest. 


We now proceed to point out those few cases which form exceptions to the 
lw of priority, and in which it becomes both justifiable and necessary to 
ater the names originally imposed by authors. 


A name should be changed when previously applied to another group which 
still retains tt. | 


It being essential to the binomial method to indicate objects in natural 
history by means of two words only, without the aid of any further designa- 
ton, it follows that a generic name should only have one meaning—in other 
words, that two genera should never bear the same name. For a similar 
Treason, no two species in the same genus should bear the same name. When 
these cases occur, the later of the two duplicate names should be cancelled, 
and a new term, or the earliest synonym, if there be any, substituted. 
When it is necessary to form new words for this purpose, it is desirable to 
make them bear some analogy to those which they are destined to supersede, 
“where the genus of birds Plectorhynchus, being preoccupied in Ichthyology, 
is changed to Plectorhamphus. It is, we conceive, the bounden duty of an 
suthor, when naming a new genus, to ascertain by careful search that the 
name which he proposes to employ has not been previously adopted in other 
departments of natural history*. By neglecting this precaution he is liable 
to have the name altered and his authority superseded by the first subsequent 
author who may detect the oversight, and for this result, however unfortu-~ 
nste, we fear there is no remedy, though such cases would be less frequent 

* This laborions and difficult research is now greatly facilitated by the very useful 
aly haliag Agassiz, entitled “ Nomenclator Zoologicus,’ and “Index Universalis” to 
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if the detectors of these errors would, as an act of courtesy, point them out 
to the author himself, if living, and leave it to him to correct his own inad- 
vertencies. This occasional hardship appears to us to be a less evil than to 
permit the practice of giving the same generic name ad libitum to a multi- 
plicity of genera. We submit, therefore, that 

§ 10, A name should be changed which has before been proposed for some 
other genus in zoology or botany, or for some other species in the same 
genus, when still retained for such genus or species. 


[A name whose meaning is glaringly false may be changed. | 
Our next proposition has no other claim for adoption than that of being a 
concession to human infirmity. If such proper names of places as Covent 
Garden, Lincoln’s Inn Fields, Newcastle, Bridgewater, &c., no longer suggest 
the ideas of gardens, fields, castles, or bridges, but refer the mind with the 
quickness of thought to the particular localities which they respectively de- 
signate, there seems no reason why the proper names used in natural history 
should not equally perform the office of correct indication, even when their 
etymological meaning may be wholly inapplicable to the object which they 
typify. But we must remember that the language of science has but a 
limited currency, and hence the words which compose it do not circulate with 
the same freedom and rapidity as those which belong to every-day life. The 
attention is consequently liable in scientific atudies to be diverted from the 
contemplation of the thing signified to the etymological meaning of the sign, 
and hence it is necessary to pruvide that the latter shall not be such as to 
propagate actual error. Instances of this kind are indeed very rare, and in 
some cases, such as that of Monodon, Caprimulqus, Paradisea apoda and 
Monoculus, they have acquired sufficient currency no longer to cause error, 
and are therefore retained without change. But when we find a Batrachian 
reptile named in violation of ita true affinities Wastodonsaurus, a Mexican 
species termed (through erroneous information of its habitat) Picus cafer, ot 
an olive-coloured one Muscicapa atra, or when a name is derived from an 
accidental monstrosity, as in Picus semirostris of Linnseus, and Helix dis- 
juncta of Turton, we feel justified in cancclling these names, and adopting 
that synonym which stands next in point of date. At the same time we 
think it right to remark that this privilege is very liable to abuse, and 
ought therefore to be applied only to extreme cases and with great caution. 
With these limitations we may concede that 
§ 11. A name may be changed when it implies a false proposition which 
is likely to propagate important errors. 


[Names not clearly defined may be changed. } 

Unless a species or group is intelligibly defined when the name is given, it 
cannot be recognized by others, and the signification of the name is conse- 
quently lost. Two things are necessary before a zoological term can acquire 
any authority, viz., definition and publication. Definition properly implies 
a distinct exposition of essential characters, and in all cases we conceive 
this to be indispensable, although some authors maintain that a mere enu- 
meration of the component species, or even of a single type, is sufficient to 
authenticate a genus. To constitute publication, nothing short of the inser- 
tion of the above particulars in @ printed book can be held sufficient. Many 
birds, for instance, in the Paris and other continental museums, shells in the 
British Museum (in Dr. Leach’s time), and fossils in the Scarborough and 
other public collections, have received MS. names, which will be of 10 
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authority until they are published with characters*. Nor can any unpub- 
lished descriptions, however exact (such as those of Forster, which are still 
shut up in a MS. at Berlin), claim any right of priority till published, and 
then only from the date of their publication. The same rule applies to cases 
wrere groups or species are published, but not defined, as in some museum 
catalogues, and in Leason’s ‘Traité d’Ornithologie,’ where many species are 
-aumerated by name, without any description or reference by which they 
cm be identified. Therefore,— 

$12. A nnme which has never been clearly defined in some published 
«stk should be changed for the earliest name by which the object shall have 
been so defined. 


[Specific names, when adopted as generic, must be changed.) 


The necessity for the following rule will be best illustrated by an example. 
The Corvus puyrrhocorar, Linn., was afterwards advanced to a genus under 
the name of Pyrrhocorax. Temminck adopts this generic name, and also 
retains the old specific one, so that he terms the species Pyrrhocorax pyr- 
‘lecurax. The inelegance of this method is so great as to demand a change 
a che generic name. We propose, therefore, that 

$13. A specific name must not be altered in order to use that name for 
the genus ; where this has been already done the old specific name must be 
re~tored, and a new generic name given to prevent an unharmonious repetition. 

¥.B.—It will be seen, however, below that we strongly object to the 
further continuance of this practice of elevating specific names into generic. 


[Latin orthography to be adhered to. } 

On the subject of orthography it is necessary to lay down one proposi- 
von,— 

§ 14. In writing zoological names, the rules of Latin orthography must 
be adhered to. 

In Latinizing Greek words there are certain rules of orthography known 
to classical scholars which must never be departed from. For instance, the 
names which modern authors have written Aipucnemia, Zenophana, poto- 
cephala, must, according to the laws of etymology, be ’ spelt Aipycnemta, 
Jenophasia, and peocephala. In Latinizing modern words the rules of classic 
usage do not apply, and all that we can do is to give to such terms as clas- 
deal an appearance as we can, consistently with the preservation of their 
etrmology. In the case of European words whose orthography is fixed, it is 
heat to retain the original form, even though it may include letters and com- 
biunations unknown in Latin. Such words, for instance, as Woodwardi, 
Knuyhti, Bullocki, Eschscholtzi, would be quite unintelligible if they were 
Latnized into Vudvardi, Cnichti, Bullocci, Essolz, &. But words of bar- 
barous origin, having no fixed orthography, are more pliable, and hence, 
when adopted into the Latin, they should be rendered as classical in appear- 
ance as is consistent with the preservation of their original sound. Thus 

be words Tockus, awsurce, argoondah, kundoo, &c., should, when Latinized, 
Mee been written Toccus, ausure, argunda, cundu, &e. Such words ought, 
2 all practicable cases, to have a Latin termination given them, especially if 
they are used generically. 

In Latinizing proper names, the simplest rule appears to be to use the 
termination -us, genitive -i, when the name ends with a consonant, as in 


® These MS. names are in all cases liable to create confusion, and it is therefore much 
to be desired that the practice of using them should be avoided in future. 9 
D 
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the above examples ; and -tus, gen. -i2, when it ends with a vowel, as, 
Latreille, Latreidllii, &c. 

In converting Greek words into Latin the following rules must be attended 
to :— 


Greek. Latin. Greek. Latin. 
a: becomes ®&. @ becomes th. 
et ” i. ¢ » ph. 
os terminal, us. X » ch. 
re um. K 455 c. 
ov becomes u. YX oo» neh. 
ot F) @. YY 99 ng. 
v 9 y- e 9 h. 


When a name has been erroneously written and its orthography has been 
afterwards amended, we conceive that the authority of the original author 
should still be retained for the name, and not that of the person who makes 
the correction. 


PART II. 
RECOMMENDATIONS FOR IMPROVING THE ZOOLOGICAL NOMENCLATURE IN FUTURE. 


The above propositions are all which, in the present state of the science, it 
appears practicable to invest with the character of laws. We have endeavoured 
to make them as few and simple as possible, in the hope that they may be 
the more easily comprehended and adopted by naturalists in general. We 
are aware that a large number of other regulations, some of which are here- 
after enumerated, have been proposed and acted upon by various authors who 
have undertaken the difficult task of legislating on the subject; but as the 
enforcement of such rules would in many cases undermine the invaluable 
principle of priority, we do not feel justified in adopting them. At the same 
time we fully admit that the rules in question are, for the most part, founded 
on just criticism, and therefore, though we do not allow them to operate r- 
trospectively, we are willing to retain them for future guidance. Although 
it is of the first importance that the principle of priority should be held para- 
mount to all others, yet we are not blind to the desirableness of rendering 
our scientific language palatable to the scholar and the man of taste. Many 
zoological terms, which are now marked with the stamp of perpetual cur- 
rency, are yet so far defective in construction, that our inability to remove 
them without infringing the law of priority may be a subject of regret. 
With these terms we cannot interfere, if we adhere to the principles above 
laid down ; nor is there even any remedy, if authors insist on infringing the 
rules of good taste by introducing into the. science words of the same inele- 
gant or unclassical character in future. But that which cannot be enforced 
by law may, in some measure, be effected by persuasion; and with this view 
we submit the following propositions to naturalists, under the title of Recom- 
mendations for the Improvement of Zoological Nomenclature in future. 


[The best names are Latin or Greek characteristic words. | 


The classical languages being selected for zoology, and words being more 
easily remembered in proportion as they are expressive, it is self-evident that 

§ A. The best zoological names are those which are derived from the 
Latin or Greek, and express some distinguishing characteristic of the object 
to which they are applied. 
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[ Classes of objectionable names. | 
It follows from hence that the following classes of words 
objecHonable in point of taste, though, in the case of genera, it 1s 
sary to use them, from the impossibility of finding characteristic words which 
have not before been employed for other genera. We will commence with 
those which appear the least open to objection, such as 

a. Geographuwal names.—These words being for the most part adjectives 
can rarely be used for genera. As designations of species they have been 
so strongly objected to, that some authors (Wagler, for instance) have gone 
the length of substituting fresh names wherever they occur; others (e. g. 
Swainson) will only tolerate them where they apply exclusively, We are by 
ho means exposed to go to this length. It is not the less true that the 
Mirundo javanica is a Javanese bird, even though it may occur in other 
countries also, and though other species of Hirundo may occur in Java. The 
utmost that can be urged against such words is, that they do not tell the 
whole truth. However, as so many authors object to this class of names, it 
is better to avoid giving them, except where there is reason to believe that 
the species is confined to the country whose name it bears. 

b. Barbarous names.—Some authors protest strongly against the introduc- 
tion of exotic words into our Latin nomenclature, others defend the practice 
with equal warmth. We may remark, first, that the practice is not contrary 
to classical usage, for the Greeks and Romans did occasionally, though with 
reluctance, introduce barbarous words in a modified form into their respec- 


tive languages. Secondly, the preservation of trivial names which animals * 


bear in their native countries is often of great use to the traveller in aiding 
him to discover and identify species. We do not therefore consider, if such 
words have a Latin termination given to them, that the occasional and judi- 
cious use of them as scientific terms can be justly objected to. 

¢. Technical names.—All words expressive of trades and professions have 
been by some writers excluded from zoology, but without sufficient reason. 
Words of this class, when carefully chosen, often express the peculiar cha- 
racters and habits of animals in a metaphorical manner, which is highly 
elegant. We may cite the generic terms Arvicola, Lanius, Pastor, Tyrannus, 
Regulus, Ploceus, &c., as favourable examples of this class of names. 

d. Mythological or historical names.— When these have no perceptible re- 
ference or allusion to the characters of the object on which they are conferred, 
they may properly be regarded as unmeaning and in bad taste. Thus the 
generic names Leshia, Leilus, Remus, Corydon, Pasiphae, have been applied 
toa Humming bird, a Butterfly, a Beetle, a Parrot, and a Crab respectively, 
without any perceptible association of ideas. But mythological names may 
sometimes be used as generic with the same propriety as technical ones, in 
cases where a direct allusion can be traced between the narrated actions of a 
personage and the observed habits or structure of an animal. Thus when the 
name Progne is given to a Swallow, Clotho to a Spider, Hydra to a Polyp, Athene 
to an Owl, Nestor to a grey-headed Parrot, &c., a pleasing and beneficial con- 
nexion is established between classical literature and physical science. 

¢. Comparative names.—The objections which have been raised to words of 
this class aro not without foundation: The names, no less than the defini- 
tions of objects, should, where practicable, be drawn from positive and self- 
evident characters, and not from a comparison with other objects, which may 
be less known to the reader than the one before him. Specific names ex- 
preasive of comparative size are also to be avoided, as they may be rendered 
inaccurate by the after discovery of additional species. The names Picotdes, 
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Emberizoides, Pseudoluscinia, rubeculoides, maximus, minor, minimus, &c., are 
examples of this objectionable practice. 

f. Generic names compounded from other genera.—These are in some degree 
open to the same imputation as comparative words; but as they often serve 
to express the position of a genus as intermediate to, or allied with, two other 
genera, they may occasionally be used with advantage. Care must be taken 
not to adopt such compound words as are of too great length, and not to cor- 
rupt them in trying torender them shorter. The names Gallopavo, Tetrao- 
gallus, Gypaetos, are examples of the appropriate use of compound words. 

g. Specific names derived from persons.—So long as these complimentary 
designations are used with moderation, and are restricted to persons of emi- 
nence as scientific zoologists, they may be employed with propricty in cases 
where expressive or characteristic words are not to be found. But we fully 
concur with those who censure the practice of naming species after persons 
of no scientific reputation, as curiosity dealers (e.g. Caniveti, Botssoneuuti), 
Peruvian priestesses (Cora, Amazilia), or Hottentots (Klassi). 

h. Generic names derived from persons.— Words of this class have been ex- 
tensively used in botany, and therefore it would have been well to have 
excluded them wholly from zoology, for the sake of obtaining a memoria 
technica by which the name of a genus would at once tell us to which of the 
kingdoms of nature it belonged. Some personal generic names have, how- 
ever, crept into zoology, as Cuvieria, Mulleria, Rossia, Lessonia, &c., but they 
are rare in comparison with those of botany, and it is perhaps desirable not 
to add to their number. 

t. Names of harsh and inelegant pronunciation.—These words are grating to 
the ear, either from inelegance of form, as Huhua, Yuhina, Craxirex, Esch- 
scholtzi, or from too great length, as chirostrongylostinus, Opetiorhynchus, bra- 
chypodwoides, Thecodontosaurus. It is needless to enlarge on the advantage of 
consulting euphony in the construction of our language. As a general rule it 
may be recommended to avoid introducing words of more than five syllables. 

k. Ancient names of animals applied in a wrong sense.—It has been cus- 
tomary, in numerous cases, to apply the names of animals found in classic 
authors at random to exotic genera or species which are wholly unknown to 
the ancients. The names Cebus, Callithriz, Spiza, Kitta, Struthus, are ex- 
amples. This practice ought by no means to be encouraged. The usual 
defence for it is, that it is impossible now to identify the species to which 
the name was anciently applied. But it is certain that if any traveller will 
take the trouble to collect the vernacular names used by the modern Greeks 
and Italians for the Vertebrata and Mollusca of southern Europe, the mean- 
ing of the ancient names may in most cases be determined with the greatest 
precision. It has been well remarked that a Cretan fisher-boy is a far better 
commentator on Aristotle’s ‘ History of Animals’ than a British or German 
scholar. The use, however, of ancient names, when correctly applied, is most 
desirable, for “in framing scientific terms, the appropriation of old words is 
preferable to the formation of new ones’’*. 

l, Adjective genervc names.—The names of gencra are in all cases essen- 
tially substantive, and hence adjective terms cannot be employed for them 
without doing violence to grammar. The generic names Hians, Criniger, 
Cursorius, Nitidula, &c., are examples of this incorrect usage. 

m. Hybrid names.—Compound words, whose component parts are taken 
from two different languages, are great deformities in nomenclature, and 
naturalists should be especially guarded not to introduce any more such terms 

« Whewell, Phil. Ind. So. vol. i. p. xvii, Nov. Org. Ren. iv. iii, 
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into zoology, which furnishes too many examples of them already. We have 
them compounded of Greek and Latin, as Dendrofalco, Gymnocorvus, Mono- 
cwlus, Arborophila, flavigaster ; Greek and French, as Jacamaraleyon, Jaca- 
wrops; and Greek and English, as Bullockoides, Gulbertsocrinites. 

s. Names closely resembling other names already used.—By Rule 10 it was 
bid down that when a name is introduced which is identwal with one pre- 
tiously used, the later one should be changed. Some authors have extended 
the same principle to cases where the later name, when correctly written, 
only approaches in form, without wholly coinciding with, the earlier. We 
do not, however, think it advisable to make this law imperative, first, because 
of the vast extent of our nomenclature, which renders it highly difficult to 
find a name which shall not bear more or less resemblance in sound to some 
other; and, secondly, because of the impossibility of fixing a limit to the 
degree of approximation beyond which such a law should cease to operate. 
We content ourselves, therefore, with putting forth this proposition merely as 
a recommendation to naturalists, in selecting generic names, to avoid such as 
too closely approximate words already adopted. So with respect to species, 
the judicious naturalist will aim at variety of designation, and will not, for 
etample, call a species virens or virescens in a genus which already possesses 
anrdis. 

o. Corrupted words.—In the construction of compound Latin words, there 
are certain grammatical rules which have been known and acted on for two 
thousand years, and which a naturalist is bound to acquaint himself with 
before he tries his skill in coining zoological terms. One of the chief of these 
rules is, that in compounding words all the radical or essential parts of the 
mnstituent members must be retained, and no change made except in the 
tariabie terminations. But several generic names have been lately intro- 
duced which run coanter to this rule, and form most unsightly objects to all 
who are conversant with the spirit of the Latin language. A name made 
up of the first half of one word and the last half of another, is as deformed 
a monster in nomenclature as a Mermaid or a Centaur would be in zoology ; 
yet we find examples in the names Corcorax (from Corvus and Pyrrhocorazx), 
Cypenagra (from Cypselus and Tanagra), Merulaxis (Merula and Synallaxis), 
Lorigilla (Loxia and Fringilla), &. In other cases, where the commence- 
ment of both the simple words is retained in the compound, a fault is still 
committed by cutting off too much of the radical and vital portions, as is 
the case in Bucorvus (from Buceros and Corvus), Ninow (Nisus and Noc- 
tua), &c. 

p- Nonsense names.—Some authors having found difficulty in selecting 
generic names which have not been used before, have adopted the plan of 
eining words at random without any derivation or meaning whatever. The 
following are examples: Viralva, Xema, Azeca, Assiminia, Quedius, Spisula. 
To the same class we may refer anagrams of other generic names, as Dacelo 
and Cedola of Alcedo, Zapornia of Porzana, &o. Such verbal trifling as this 
is in very bad taste, and is especially calculated to bring the science into 
contempt. It finds no precedent in the Augustan age of Latin, but can be 
eompared only to the puerile quibblings of the middle ages. It is contrary 
to the genius of all languages, which appear never to produce new words by 
spontaneous generation, but always to derive them from some other source, 
however distant or obscure. And it is peculiarly annoying to the etymologist, 
who, after seeking in vain through the vast storehouses of human language 
for the parentage of such words, discovers at last that he has been pursuing 


an igmis fatuus. 
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q. Names previously cancelled by the operation of § 6.—Some authors con- 
sider that when a name has been reduced to a synonym by the operations of 
the laws of priority, they are then at liberty to apply it at pleasure to any 
new group which may be in want of a name. We consider, however, that 
when a word has once been proposed in a given sense, and has afterwards 
sunk into a synonym, it is far better to lay it aside for ever than to run the 
risk of making confusion by re-issuing it with a new meaning attached. 

r. Specific names raised into generic.—It has sometimes been the practice 
in subdividing an old genus to give to the lesser genera so formed, the names 
of their respective typical species. Our Rule 13 authorizes the forming a 
new generic name in such cases; but we further wish to state our objections 
to the practice altogether. Considering as we do that the original specific 
names should as far as possible be held sacred, both on the grounds of justice 
to their authors and of practical convenience to naturalists, we would strongly 
dissuade from the further continuance of a practice which is gratuitous in 
itself, and which involves the necessity of altering old names or making new 
ones. 

We have now pointed out the principal rocks and shoals which lie in the 
path of the nomenclator; and it will be seen that the navigation through 
them is by no means easy. . The task of constructing a language which shall 
supply the demands of scientific accuracy on the one hand, and of literary 
elegance on the other, is not to be inconsiderately undertaken by unqualified 
persons. Our nomenclature presents but too many flaws and inelegancics 
already, and as the stern law of priority forbids their removal, it follows 
that they must remain as monuments of the bad taste or bad scholarship of 
their authors to the latest ages in which zoology shall be studied. 


[Families to end in ids, and Subfamilies in inee.] 


The practice suggested in the following proposition has been adopted by 
many recent authors, and its simplicity and convenience is so great that we 
strongly recommend its universal use. 

§ B. It is recommended that the assemblages of genera termed families 
should be uniformly named by adding the termination ide to the name of the 
earliest known, or most typically characterized genus in them ; and that their 
subdivisions, termed subfamilies, should be similarly constructed, with the 
termination ine. 

These words are formed by changing the last syllable of the genitive case 
into tde or ina, as Strix, Strigis, Strigide, Buceros, Bucerotis, Bucerotide, 
not Strixvide, Bucerida. 


[The authority for a species, exclusive of the genus, to be followed by a 
distinctive expression. | 

The systematic names of zoology being still far from that state of fixity 
which is the ultimate aim of the science, it is frequently necessary for correct 
indication to append to them the name of the person on whose authority they 
have been proposed. When the same person is authority both for the specific 
and generic name, the case is very simple; but when the specific name of 
one author is annexed to the generic name of another, some difficulty occurs. 
For example, the Muscicapa crinita of Linneus belongs to the modern genus 
Tyrannus of Vieillot; but Swainson was the first to apply the specific name 
of Linneus to the generic one of Vieillot. The question now arises, Whose 
authority is to be quoted for the name Tyrannus crinitus? The expression 
Tyrannus crinitus, Linn., would imply what is untrue, for Linnssus did not 
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ne the term Tyrannus; and Tyrannus crinitus, Vieill., is equally incorrect, 
for Vieillot did not adopt the name crinitus. If we call it Tyrannus crinitus, 
Sw., it would imply that Swainson was the first to describe the species, and 
Linnaeus would be robbed of his due credit. If we term it Zyrannus, Vieill., 
criaitus, Linn., we use a form which, though expressing the facts correctly, 
ind therefore not without advantage in particular cases where great exact- 
ness 1s required, is yet too lengthy and inconvenient to be used with ease and 
rapidity. Of the three persons concerned with the construction of a bino- 
mial title in the case before us, we conceive that the author who first 
describes and names a species which forms the groundwork of later gene- 
ralizations, possesses a higher claim to have his name recorded than he who 
afterwards defines a genus which is found to embrace that species, or who 
may be the mere accidental means of bringing the generic and specific names 
into contact. By giving the authority for the specific name in preference to 
all others, the inquirer is referred directly to the original description, habitat, 
ée., of the species, and is at the same time reminded of the date of its dis- 
cwery; while genera, being less numerous than species, may be carried in 
the memory, or referred to in systematic works without the necessity of per- 
petzally quoting their authorities. The most simple mode then for ordinary 
use seems to be, to append to the original authority for tho species, when not 
applying to the genus also, some distinctive mark implying an exclusive re- 
&rence to the specific name, as Tyrannus crinitus (Linn.), and to omit this 
expression when the same authority attaches to both genus and species, as 
Oxtrea edulis, Linn. Therefore, 

§ C. It is recommended that the authority for a specific name, when not 
applying to the generic name also, should be expressed thus, (Linn.), as 7'yran- 
aus crinitus (Linn.). 

[New genera and species to be defined amply and publicly. | 

A large proportion of the complicated mass of synonyms which has now 
become the opprobrium of zoology, has originated either from the slovenly 
and imperfect manner in which species and groups have been originally de- 
fmed, or from their definitions having been inserted in obscure local publica- 
tems which have never obtained an extensive circulation. Therefore, 
although under § 12 we have conceded that mere insertion in a printed 
book is sufficient for publication, yet we would strongly advise the authors of 
new groups always to give, in the first instance, a full and accurate defini- 
ten of their characters, and to insert the same in such periodical or other 
works as are likely to obtain an immediate and extensive circulation. To 
sate this briefly, 

§ D. It is recommended that new genera or species be amply defined, 
pablished, and extensively circulated in the first instance. 


‘The names to be given to subdivisions of genera to agree in gender with 
the original genus. | 

In order to preserve specific names as far as possible in an unaltered form, 
whatever may be the changes which the genera to which they are referred 
may undergo, it is desirable, when it can be done with propriety, to make 
the new subdivisions of genera agrec in gender with the old groups from 
which they are formed. This recommendation does not, however, authorize 
the changing the gender or termination of a genus already established. In 
brief, 

§ E. It is recommended that in subdividing an old genus in future, the 
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names given to the subdivisions should agree in gender with that of the ori- 
ginal group. ; 
[ Etymologues and types of new genera to be stated. | 


Tt is obvious that tho names of gencra would in general be far more care- 
fully constructed, and their definitions would be rendered more exact, if 
authors would adopt the following suggestion :— 

§ F. It is recommended that in defining new genera the etymology of 
the name should be always stated, and that one species should be invariably 
selected as a type or standard of reference. 


In concluding this outline of a scheme for the rectification of zoological 
nomenclature, we have only to remark, that almost the whole of the propo- 
sitions contained in it may be applied with equal correctness to the sister 
ascienco of botany. We have preferred, however, in this essay to limit our 
views to zoology, both for the sake of rendering the question less complex, 


and because we conceive that the botanical nomenclature of the present day 


stands in much less need of distinct enactment than the zoological. The 
admirable rules laid down by Linneus, Smith, Decandolle, and other botanists 
(to which, no less than to the works of Fabnicius, [liger, Vigors, Swainson, 
and other zoologists, we have been much indebted in preparing the present 


document), have always exercised a beneficial influence over their disciples. — 
Hence the language of botany has attained a more perfect and stable condi- | 
tion than that of zoology; and if this attempt at reformation may have the » 
effect of advancing zoological nomenclature beyond its present backward and 


abnormal state, the wishes of its promoters will be fully attained. 


Report of the Committee on the Distribution of the Organic Remains ' 


of the North Staffordshire Coal-field-——Concluding Report. By a 
Committee, consisting of Sir Paitie pe M. Grey Ecrrron, Bart., 
F.R.S., Professor T. H. Huxiey, F.R.S. Reporter, WittiuM Mo- 
LYNEUX, F.G.S. 


Tax coal-measures of North Staffordshire may be divided into four distinct | 


groups, namely, 
feet. feet. 
The Lowest Measures 2.2. ...2... from about 300 to 1000 
The Lower Thick Measures .. 2... * AWW) to 2500 
The Upper Thick Measures ...... - 1400 to 1800 
The Upper Measures ... 2.26.00 . 1000 to 1200 


giving a total vertical thickness of from 5200 to 0500 feet. 


The divisional formations of the lowest and lower thick measures in the | 


Cheadle-feid consis: of shaly cvarse and fine sandstones, which, although not 
proved by actual workings, would appear to be from 300 to 400 feet thick. 
The extension of these sandstones nerthwanis is checked by an upthrow of 
Milstone-grits near Consul in the Churnet valley, and their place is occupied 
in the Ruvpervey and Ridhiiph &siricts of the extreme northern point by 
reawees af black and brown shales and ciavev laminated sandstones. The 


visions of the other groups ccrrespond with this in some respects, but they _ 


are less marked and masave. bach of these groups is characterised by the 
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presence of a distinct series of beds of coal and ironstone of greater or less 
value and persistency. The lowest measures contain seven seams of coal, 
three of which are worked for local use only, but the base is occupied by a 
most valuable bed of Hydrate, known as the Froghall ironstone. The lower 
thick measures contain all the best and thick coals, but only one band of 
inastone (the Burnt Wood) of sufficient thickness or quality to be worked. 
The upper thick measures afford a remarkable contrast, as containing nearly. 
all the workable bands of ironstone, while the upper measures contain thick 
mawes of brick clays, with a few thin seams of coal, and but one or two 
tands of ironstone to which any attention has been paid. 

It is probably a somewhat remarkable feature in connexion with these 
great divisions, that in no instance have the two middle groupe been found 
tocontam deposits showing an extended continuous water-action of a turbulent 
character; but in the upper part of the lowest measures, and the top beds of 
the upper measures occur rocks resembling in every particular those of the: 
Milstone-grit. It may, however, be mentioned that instances have come 
wer notice of the occurrence of large rounded quartz pebbles in shales and 
Instones, lying near the base of the upper thick measures at Apedale; and 
ia anther case a large siliceous water-worn boulder, some pounds in weight, 
remet with at considerable depth near a fault in one of the pits of the 
Cheadle coal-field. It not unfrequently happens, however, that large masses, 
composed of fragments of plants, broken shells, and other organic remains, 
iInermixed with subangular pieces of ironstone, coal, and shaly sandstones, 
cenented together by a hard paste, are met with in sinkings and workings in 
the neighbourhood of faults, but as a rule the enormous stratigraphical 
deposits of these fields evidence tranquillity of action extending over a very 
long period of time. This conclusion is borne out by the nature and condi- 
ton of the organic remains imbedded in the shales and ironstones of the 
diferent measures, which are not only exceedingly numerous, but of a most 
remarkable and interesting order; and it may here be stated as evidence of 
the results of an extended palssontological inquiry, that before the commence- 
nent of a systematic course of research with reference to the subject, the 
known species of fish-remains were limited to the number of nine, with 
about the same number of shells, inclyding those of a marine typt then sup- 
posed to be confined to a single bed belonging to the lowest measures of the 
Charnet valley and its representative at Wetley Moor. The fish-remains 
wre, however, nqw found to consist of from 35 to 40 genera, embracing 
upwards of 80 species, while the mollusca range out into upwards of 22 
genera, represented by about 60 species; the marine forms extend at intervals 
twards from the lowest to the upper thick measures, while the frequent. 
eccurrence of reptilian remains, and the vast number of the smaller crusta~. 
tems indicate the extended range and variety of the organic life of these 

during the period of their formation. These reptilian remains consist 
of single internal bones, with occasionally roughly ornamented external 
bones of the head. The range of these animals has been traced from the 
bwizon of the Stinking Coal of the lowest beds, here and there up through 
the whole of the measures, to the chalky mine ironstone of the upper thick 
troup. They are generally found in association with fish-remains, and appear: 
tohave been more numerous during the formation of the New Ironstone, the 
Knowles, and the Brown Mine ironstones of Kidsgrove, Fenton, Longton, 
Rterdale, and Apedale. They are, however, by no means confined to these 
lealities, traces of them being found over the greater part of the area in-~ 
duded in these fields, and also in direct association, both with shells referable 

DD 
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Of all the forms of life met with in these fields the little Cytheropsis is the 
most numerous and persistent. It occurs in almost every distinct mineral 
deposit, and sometimes forms compact masses several inches in thickness, and 
entirely separated from all other organisms; at others it appears in associa- 
tion with Microconchus alone, or is mixed indiscriminately with fish and 
shells, or forms a thin layer‘or parting between beds of shale or ironstone, or 
the nucleus of ironstone nodules. It is, however, a fact of some importance 
in the question referable to the conditions under which certain coal and iron- 
stone beds were deposited, that the little fossil has never been found in the 
fields under notice in direct association with shells known to be marine. A 
most interesting example of this severance occurs in the shales of the Stinking 
Coal at Windsend, in the Churnet valley. The lower parts of these shales im- 
mediately overlying the coal are remarkable for the immense number of Avwi- 

they contain in a compressed form, and associated with Gontattes, 
Orthoceras, and Posidonia. In various instances the sante shale-bed has yielded 
Cytheropsis and Beyrichia, and occasionally Anthracosia ; but these three latter 
fossils are always separated from the former. After repeated examinations, 
it has been ascertained that about two feet above the coal a well-defined — 
division occurs in the form of a bone-bed, containing teeth, scales, coprolites, 
and other remains, with frequent concretionary nodules, distinctly compressed _ 
into the under surface of the shales. Above this line the Aviculopecten never 
passes, and in no instance have the Cytheropsis or Anthracosia been found 
below it; but each organic deposit is separated from the other as clearly and 
distinctly as could have been effected by the intervention of thick masses of 
strata. 

With Cytheropsis are frequently found Beyrichia, Microconchus, and Ser- 
pula, but the latter genus is by no means 80 generally distributed. Beyrtchia 
occurs in great numbers in the shales of the Cockshead ironstone at Adderley 
Green, in association with Cytheropsis and Microconchus ; but Serpula, so far 
as has been proved, is confined to the shales of the Woodhead coal in the 
Cheadle field. Each of these forms, like Cytheropsis, is confined to the beds 
containing Anthracosia ; they never pass into the marine horizons of either the 
upper or lowest measures. 

Until the present year these fields were not known to contain any of the 
higher order of Crustacea; recently, however, a fragment of Limulus has 
been met with in a small nodule of the Hard Mine ironstone at Adderley 
Green ; and more recently still a curious ironstone deposit, lying near the 
baze of the lowest measures of the-Churnet valley, has been found to contain 
Macruran remains of an interesting form associated with Cytheropsis and 
Anthracoptera. It is by no means unlikely that these latter organisms may 
be found to pass into the higher strata; but so far they appcar to be con- 
fined to the particular bed in question. 

The fish-remains of these fields are of an exceedingly interesting character, 
and in certain beds occur in great numbers, and in a most beautiful state of 
preservation. Many new forms have been met with, and individual speci- 
mens of well-known species occasionally come to hand, by which some im- 
portant anatomical points have been satisfactorily established. The whole of 
these remains are now undergoing examination, and ere long a more complete 
knowledge of their specific character will be arrived at. 

Of the Ganoid fishes, the most commonly distributed are the Pala@onisci, 
which range throughout the whole of the four great divisions of the fields, 
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and pass downwards into the shales of the Millstone-grit and the geey iron- » 
stone nodules of the Carboniferous shales. In the Aviculopecten shales of the 
Stnking Coal two or three at present undetermined species are imbedded, 
bat rarely in a well-preserved condition. The species of this bed are inter- 
mized with the marine shells, and appear to be different to those so largely 
dstnbuted amongst the beds of the upper thick measures ; and in no instance 
hare they been found in this deposit to pass above the line of the bone-bed 
alluded to, where detached scales are largely intermixed with Lingule and 
other organisms in a fragmentary condition. 

Towards the upper part of these lower beds a small species, tolerably per- 
fect, is occasionally found imbedded in nodules of clay ironstone; but, gene- 
rally speaking, between this point and the shales of the Ash Coal, the base of 
the upper thick measures, evidence of the existence of these fish seldom 
occurs, except in the form of detached scales, scattered over the face of the 
aumerous intervening bone-beds. In the Ash-coal shales, however, they 
appear im a more perfect form, and attain their maximum development in 
the shales of the Deep Mine ironstone, 200 yards above it. This latter iron- 
stone is at Longton, on the extreme western boundary of the proved measures, 
1 fot 3 inches thick, and divided into four bands overlaid by a bed of black 
aie, hard, clean, and easily split into thin slabs. As an ichthyolitic 
depository it is one of the most interesting met with, and affords in addition 
mme earious data referable to the range of animal life in one distinct horizon. 
This stone is worked at Longton, Fenton, Shelton, Berryhill, Sneyd Green, 
Golden-hill, and other places, but not always under the same name. The 
Longton bed is opened at two points communicating with each other, and from 
the shales of these two workings have been collected, in a remarkable state of 
preservation, specimens of eighteen genera, and about twenty-six species of 

One new genus, under the name of Cycloptychius, occurs in great 
numbers and the most perfect condition; but beyond the limits of the two 
jets at Longton it has never as yet been known to pass; and in each direc- 
tn from this point, where the stone has been worked, the whole of its 
organic remains die gradually out to a few detached scales and isolated teeth. 
The restriction of the Paleonisci of this deposit to a definite range would 
appear to indicate the prevalence of either deep or shallow water slong this 
ferticular Line; but it is in the character of its organic contents that this 
peculiarity is the more observable; the stone itself, where it has been 
perced, although showing a tendency to thin out towards its eastern out- 
emp, retains over the greater part of the field a tolerably uniform thickness 
and character. 

Of Cadacanthus there are two species, C, lepturus and C. granulatus, the 
former being the more common, and of greater range. Detached scales are 
met with in the Hydrate shales, and here and there in the fossiliferous beds 
cf the lowest measures, including the Stinking Coal shales. In the Wood- 
head coal-shale of the lower thick measures, C. lepturus is occasionally found 
m a fair state of preservation, and also in the nodular grey ironstones inter- 
mixed with the grey shales above it. More frequently, however, it occurs as 
detached scales; and in this form, wherever Paleoniscus is detected, both 
Colacenthus and Platysomus are generally in association with it. The Deep 

¢ ironstone contains numerous fine specimens, and it not unfrequently 
oxars in the Cockshead, Knowles, and Brown Mine ironstones and shales. 

Platysomus, of which there are two species, has a somewhat similar range ; 
bet in certain deposits, in different localities, each species appears to be a 
characteristic feature. . 
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- Many of the coal and ironstone beds are either of local extent, a 
evidence a variation of condition of deposit within a limited area, and con 
sequently the measures of one district are no sure guides in engineering t 
those of another. This more frequently happens in the upper thick bed 
with the ironstone group, and it is found that this diversity in the characte 
of the mineral deposits is partaken of in a somewhat similar degree by th 
forms of life directly associated with them. Taking the Longton and Fento! 
beds as one example, the Deep Mine shales show the predominating form t 
be Palgoniscus, the Knowles ironstone Platysomus, and the New Ironston 
Megualichthys. At Silverdale and Apedale Paleontscus is rare, while th 
Brown Mine teems as it were with Platysom:, Passing to the Kidsgrovi 
district, the Brown Mine becomes the New Mine, and Platysomus gives plac 
to Hhizodopsis, and passing downwards to the Woodhead coal, Celacanthu 
appears as the characteristic fossil of its bed. The life-zone, as it were, o 
each of these deposits also varies. In the case of the Deep Mine, it 1s con: 
fined to a few inehes of black shale immediately overlying the stone, and i 
no known instance passing into the mineral itself. In the Knowles ironston 
shales the same conditions are observable; but the life-zone extends down: 
wards into the stone, fine specimens of Rhizodus, Celacanthus, Acanthodes 
and Megglichthys being of frequent occurrence in the upper division of the 
bed. ‘The Brown Mine of Silverdale and the New Mine of Kidsgrove presen( 
parallel conditions ; but in the Brown Mine of the latter district the shale: 
form only the matrix of its interesting organisms. The beds of ironstone 
and coal enumerated—the Woodhead and Ash coals, and the Cockshead, 
Knowles, Deep Mine, Brown, and New Mine ironstones—appear to be the 
great fish-zones of these fields ; but it may be accepted that the whole of the 
mineral beds contain the remains of either fish or shells, generally both. These 
remains, a8 previously stated, are rare in certain localities ; but no bed has 
hitherto been found totally unfossiliferous over the whole of its proved area, 
It is also worthy of note, that in almost all, if not every case, the divisional 
line between each seam of coal and band of ironstone and their associated 
shales or bass, consists of a thin film, as it were, of detached scales and teeth 
of fishes or compressed mollusks, showing in a simple but conclusive manner 
that whatever may have been the condition under which each bed of coal 
was formed, it was immediately after its formation covered by water con- 
taining the ordinary forms of life of that period, and which by its agency 
were spread over the surface of each coal-bed before becoming charged with 
the mud now forming its superimposed shales. Frequently the ironstones 
are immediately overlain by thin beds of coal; and in the case of the New 
Mine at Kidsgrove, this coal is largely intermixed with fragments of Gyra- 
canthus, Megalichthys, and other fish-remains ; but this is the only instance 
in the field in which such fossils have been detected within the body of coal 
itself; and in this case the coal which forms a parting between two bands of 
stone is not of the ordinary character of coal-deposits, but evidently the 
aggregated parts of an older bed brought from another point, and redeposited 
by aqueous agency. 

In addition to the Ganoid fishes enumerated, canthodes, <Acvolepis, 
Gyrolepis, Pygopterus, Diplopterus, and Megalichthys are forms more or less 
familiar to these beds, most being represented by two or more species, 
which appear here and there at intervals throughout the entire vertical strata. 
Megalichthys Hibbert: 1s by far the most common form; but hitherto no 
perfect specimen has been met with. The New Ironstone of Fegton Park, 
the Gubbin ironstone shale of Shelton, and the Chalky Mine ironstone of 
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Silverdale, have yielded fine examples of this fish—in the latter case a frag- 
ment of a jaw 16 inches in length. With this fish are frequently associated 
in the New and Knowles ironstones large jaws referred to Rhizodus, and 
others as yet not satisfactorily determined. 

The small cycloidal-scaled fish assigned to Rhizodopsis is also of common 
acurrence, and with it are occasionallyfound large circular scales,with concen- 
inc and radiating lines of ornamentation. -Acanthodes is also of wide range, 
ting more abundant in nodules of the Cockshead ironstone, and in the 
Knowles and Deep Mine ironstone shales, which also contain Gyrolepis and 
Pepopterus. Strepsodus, a long somewhat curved tooth with parallel lines, 
alo ranges from the Stinking Coal to the upper beds, but always in detached 
forms. Amblypterus so far appears to be extremely rare in these fields. 

The Placoid order of fishes is freely represented, and possesses an equally 
determinate range with the ganoid forms of the field. Pleuracanthus, or the old 
liplodus gibbosus, occurs in thousands in the New Ironstone at Fenton Park, 
ming its first appearance in the shales of the Stinking Coal, and ranging 
wrards to the Red Shag ironstone of the upper beds. The spine described 
« Pleuracanthus, is frequently found associated with the teeth and dermal 
wenng of the fish, in a manner which confirms the now received opinion 
d ther common origin. Pleuracanthus minutus is not so common, but it 
be a wide and general range, and another species is not unfrequent in the 
New Ironstone of Fenton Park, but it is rarely found to pass from this 
bron. Of the large dorsal spines, Céenacanthus, the species hybodoides is 
the most familiar, but it is seldom found out of the New Ironstone, Deep 
Mine, Knowles and Brown Mine shales. Eyracanthus formosus is of far 
wider distribution, being found in twelve different beds of the lower and 
upper thick measures. G. tuberculatus is frequently associated with it, but 
it is of lesa vertical range. Orthacanthus cylindricus is also conftned to the 
upper part of the thick coal and the lower part of the ironstone groups, but,. 
lke Cimacanthus and Gyracanthus, the finest specimens are obtained from 
the New Ironstone of Fenton Park. The fossil known as Onchus is remark- 
ably persistent in its distribution, being plentiful in the Stinking and Wood- 
brad coal-shales, and in nearly the whole of the coal and ironstone beds of 
the succeeding measures. A form resembling Leptacanthus, and others with 
duble or single rows of curious hooked teeth, are not unfrequently met 
with, especially in the New Ironstone, which appears to have been the great 
ut-centre of the singular animals to whom those defensive weapons 

longed. 

The remainder. of the Placoid fish consist of the genera Cladodus, Peta- 
lus, Ctenodus, Orodus, Ctenoptychius, Archodus, Pocilodus, Helodus, some 
forms resembling Cochliodus, a small tooth with numerous branching cusps, 
aid others as yet undetermined. Ctenodus appears to be limited to the New, 
Brown Mine, Knowles, and Black-band ironstones, and is of somewhat rare 
ecurrence, Petalodus is of similar range, and Cladodus extends to the 
Woodhead coals, and is frequently found in groups on elabs of the Knowles 
inmstone and Ash-coal shales. Oradus is confined to the Stinking Coal of the 
bvest measures, and also anotherform of an exceedingly interesting character, 
u which but two specimens have been detected. Ctenoptychius is represented 
by three er four species, of which apicalis is the most common, the New 

ne containing remarkably fine examples. Archodus is a rare form, 
mi appears to be confined to the latter bed. To Helodus no limit can well 
be given, it being met with in almost all the beds, and in the Knowles is 
itquently of large size. The tooth resembling Cochliodus is rare, and has 
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not been met with in other beds than the Stinking Coal, and in the stony 
8-foot ironstone at Kidsgrove. Poscilodus is a common form in the Cockshead 
ironstone shales, and has a tolerably wide range from the Stinking Coal 
upwards. The little tooth with numerous cusps is confined to the New and 
Deep Mine ironstones, but is frequent in the former bed. In addition to 
these, there is a fine lancet-shaped tooth rarely found in the Deep Mine, 
Wood’s Mine, New, Bassey Mine, and Gubbin ironstones, to which at present 
no name has been assigned. 

The Mollusca of these fields may be divided into three distinct groups— 
the Aviculopecten and Goniatite group of the lowest measures, the Spurifer 
and Discina group of the middle, and the Anthracosia of the entire fields. 
The Aviculopecten of the lowest measures is represented simply by the species 
papyraceus, and is confined to two horizons, that of the Stinking Coal about 
100 feet above the Millstone-grit, anda lean grey ironstone about the same 
distance above the Stinking Coal. In the latter bed it is associated with 
Goniatites, Posidonia, Orthoceras, and Lingula, each of which are invariably 
found to occupy different and successive levels in the deposits to which they 
are confined. ; 

Immediately upon the coal, which is strongly sulphureous, comes a bed 
of Aviculopectens, from 6 to 8 inches thick ; this is succeeded by a layer of 
Gontatites of similar thickness; then Postdonia and Orthoceras; the biack 
shales containing fish, and at the top of all comes Lingula mixed with 
scales of Palconiscus. The Aviculopecten, Goniatites, Posidonia, and Ortho- 
ceras bands are generally dovetailed, as it were, into each other, but each 
contains nevertheless its characteristic features. Zingula is, however, always 
sharply cut off from them and confined to one definite line on the top of the 
shales immediately below the bone-bed which separates these fossils from the 
on-coming’ Cytheropsis and Anthracosia. The Aviculopecten-bed is of great 
areal extent, and retains a remarkable degree of uniformity in whatever 
district it is found, and in more than one important case the existence of 
certain valuable mineral deposits have been determined by its presence alone. 
In the Goldsitch-moss basin, 10 miles direct north from Ipstones, it forms 
one of the coals worked there under the name of the Thin Seam; at Wetley 
Moor it is represented by the Four-foot coal, at Biddulph by the Biddulph 
Moor coal, and in each locality it contains its characteristic tranquilly 
deposited fossils, in equal numbers and corresponding conditions. 

The other Avrewlopecten-bed is a thin grey laminated ironstone about 100 
feet above the Stinking Coal, and hitherto has not been detected beyond the 
limits of the Churnet valley. Its fossils are in a fine state of preservation, 
but so far it has not been found to contain other remains than Aviculopecten 
papyraceus and Posidonia. 

The base of the lowest measures of the Churnet valley is a clayey marl, 
which reposes directly upon the upper beds of the Millstone-grit, and varies 
in thickness from a thin film to 15 feet. This is succeeded by the well- 
known Hydrate, a most curious and remarkable deposit, varying from an 
inch to 2 feet 6 inches. The shales in contact with this ore, and the stone 
iteelf in certain localities, contain great numbers of Anthracosia acuta—a form 
of life which takes precedence of all others in the history of the period 
represented by these rocks. Between this bed and the Stinking Coal the 
’ only recognizable fossils are scanty remains of fishes; but here, as before 
stated, Anthracosia again comes in, and again gives place to the Avicule- 
pecten of the laminated ironstone. In the succeeding clay ironstone nodules 
it is accompanied by other species, but from this point up to the marine bed 
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opened up at Huwley’s sinkings, there are no known indications of the intro- 
duction of other forms of life than those of which this genus is the type. 

In the Woodhead coal-shales of the Cheadle field, and other basement beds 
of the lower thick measures at Norton and Bucknall, Anthracomya and An- 
thracoptera are found in association with Anthracosia, the latter being repre- 
seated by the species subconstricta, robusta, ovalis, and others ; Anthracomya by 
Adamsas, and Anthracoptera by two new species, and others. In the Bullhurst 
coal and ita succeeding shales these bivalves frequently occur in immense num- 
bers, especially in the Cockshead ironstone, the Hard Mine, Little Mine, and 
the various Banbury coals of the Silverdale and Kidsgrove districts, and in 
the Bassey Mine, Gutter Mine, Cannel Mine, and Black-band ironstones of 
the upper thick measures. It is however remarkable that, where they are 
unusually abundant, fish-remains become scarce and fragmentary ; in fact 
none of the deposits which retain their original condition afford conclusive 
evidence of other than the occasional commingling of these vertebrate and 
invertebrate animals in the waters of the period, and it is only in the aggre- 
gated bone-beds that their remains are associated in anything like equal 
proportions. 

In many cases the bone-beds covering the surface of coal pass into thick 
irregularly-deposited masses of shells, which by their persistency become 
talnable guides in mining operations. Not unfrequently, however, they are 
confined to a definite horizon, the shales above them being destitute of. other 
remains than those of plants matted together and imperfectly preserved. As 
arale the coal-beds are of greater extent and of a more uniform character 
than ironstone deposits. In the upper measures both are usually but 
slightly divided, and, generally speaking, where the ironstone thickens the 
coal becomes inferior. The Longton ironstone-beds in many instances die 
out altogether, or are but obscurely represented in the Silverdale and the 
more easterly districts, and this is in fact the case with the coal in many 
cases. The position of the shells varies according to the character of their 
matrix; in some instances they appear in situ, smoothly laid out, and rising 
layer upon layer to the thickness of several feet. In this form they are 
generally compressed, but in many others, such as the Moss coals, Hard 
Mine, and Cockshead ironstone-shales, they retain their original shape. 

Until within the last two or three years there was no published evidence 
to show that the generally received opinion of the restriction of marine 
foils to the lower measures of the British coal-fields was incorrect; but 
some sinkings at Longton in the spring of 1863 revealed the existence of 
a series of such remains in the shales of a thin unworked coal called the 
Bay Coal, situated towards the base of the upper thick measures. These 
remains consisted of Aviculopecten, Goniatites, Lingulu, Orthoceras, Spirifer, 
Ctenodonta, Macrocheilus, Naticopsis, Nautilus, Loxonema, and Discina. The 
dixovery of Lingula, which at the time was the only form met with, was 
announced in the Report of your Committee read at the Meeting at New- 
eastle, and the uccurrence of the additional forms was also noticed in their 
Report read ut Bath last year. It has, however, been subsequently found 
that, about eight years ago, Discina were discovered in nodules of the Priors- 
field ironstone at Fenton Park. 

From the Bay Coal not being a workable seam, its extension can only be 
proved by sinkings in other parts of the field, where it will have to be looked 
for under different names and position, no other section appearing to agrce 
with the one at Longton. The Priors-field ironstone, which lies below the 
Ray Mine, also yielded at the same sinkings Lingule and Discine, but, 
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except in one instance, of the association of the young of Discina with An- 
thracoptera, none of the other forms were found in direct contact with them. 
Discine have recently been met with at Kidsgrove in grey ironstone nodules, 
which would appear to be representatives of the Longton Priors-field bed. 

The Bay Coal fossils appear to be confined to a thin stratum of shale, 
containing grey flattish nodules of lean ironstone overlying the coal. The 
Lingula were never known to pass into the ironstone, but appeared to lie 
near the top of the shales in association with Discine. Below these come 
Orthoceras, Spirtfer, and the others, and the nodules were generally taken 
up with Aviculopecten, Spirifer, and Productus. Immediately above these 
shales came another nodular bed of ironstone and thick shales, and these 
were the depositories of several species of Anthracosia with Cytheropsis; but 
here, as in the Stinking Coal, the line of demarcation was in no case passed 
by either of the forms above or below it. The Priots-field group appears to 
be equally defined, Anthracoptera and Cytheropsis overlying the Lingule 
and Discine. This isolation of Zingule from all other than Discine is a 
somewhat curious fact, but the cases cited are not the only ones which have 
come under notice. It occurs in the shales of a coal worked on the western 
flank of Axedge, and referred to the middle beds of the Millstone-grit. 

In June and July of the present year a bed of greyish shale, lying a few feet 
above the Gin Mine coal, belonging to the upper part of the lower thick mea- 
ures, was sunk through on the hill which divides Longton from Adderley Green. 

These shales far surpass the Bay Mine in the number and variety of their 
organic contents. They contain Productus, Chonetes, Lingula, Aviculopecten, 
Ctenodonta, Axinus, Natwopsis, Chemnitzia, Loxonema, Platyschisma, Pléu- 
rotomaria, Discites, Goniatites, Nautilus, Orthoceras, and others, most of them 
being represented by two or more species, some of which are new. 

More than one of these forms are common in the carboniferous rocks of 
Scotland, and others are found abundantly in the Millstone-grits of Stafford- 
shire. It is an interesting feature in these deposits that they contain Pro- 
ductus, Spirifer, and Nautilus, which are absent in the lowest measures of 
these fields. The occurrence of this bed is important as showing that the 
two great divisions of the upper and lower thick measures are at widely 
separated intervals, interlined by deposits which point to the sudden cessa- 
tion of one order of natural operations, and the introduction of another, 
which obtained for a comparatively short period and then passed away, to be 
repeated long after in two distinct but less important forms, but still equally 
clear and equally conclusive. Whether there are other instances of these 
isolated marine conditions in the middle measures, or whether they stretch 
into the upper strata of the coal-field,a careful examination of beds passed 
through in future sinkings will alone determine. 

On the extreme western outcrop of the coal strata at Longton a bed of 
limestone, supposed to be of freshwater origin, overlies the Bassey Mine 
ironstone at a distance of about 30 feet. Recent sinkings on the Longton 
Hall estate have revealed a second band of limestone 30 feet below the 

other, and like it divided into three beds by thin partings of clayey shale. 
The upper bed has long been known, but in no other instance has the second 
bed been met with, although there are several pits within the space of 300 
yards, Far above this, however, a little below the base of the brick clays of 
the upper measures, a third, if not a fourth bed of similar limeatone has been 
exposed at distant points, in each of which the fossil contents specifically 
agree. The lower beds are the more fossiliferous, und include great numbers 
of Cytheropsis, Microconchus, Anthracosia Phillipsii, with scales and teeth of 
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Celacanthus, Platysomus, Rhizodopsis, Megalichthys, and Pleuracanthus. 
Anthraceria Phellipsi is also remarkably abundant in the Bassey Mine and 
the Gutter Mine ironstones, the latter being composed almost wholly of 
cepressed forms of this shell. The Black-band ironstone of Apedale is 
so extremely rich in similar species, and contains, in addition, Sanguinolites, 
weh thick masses of Cytheropsis. Anthracosia Phillipstt appear to be the 
characteristic shell of these upper thick measures, occurring abundantly in 
the Cannel Mine and other beds worked in different localities, until it dies 
eat in the valueless coal-seams which interline the arenaceous shales of the 
upper beds of Hartshill and Newcastle-under-Lyne. 

It may be stated in conclusion that, in drawing up their Report, your 
Cemmittee have confined themselves as much as possible to the more strik- 
ing particulars of the inquiry. The subject is in itself of too voluminous a 
character for detailed treatment, and a great amount of interesting matter 
has been necessarily omitted. Much of.this, however, will be supplied by 
earefally prepared lists of the whole of the fossils found in the various 
messares of the field, which will be arranged in stratigraphical order for 
fature poblication. 


Report of the Committee appointed to explore the Marine Fauna and 
Flora of the South Coast of Devon and Cornwall.—No. 1. _ Consist- 
ing of J. Gwyn Jerrreys, F.R.S., Rev. Toomas Hincxs, JonatHan 
Couce, F.L.S., CHARLES Srewart, J. Brooxine Rows, FL. S., and 
J. Rares, F.L. Ss. Reporter, C. Spence Bats, F.R.S. &c. 
Is presenting the first Report of the results of the Committee formed for the 
purpose of dredging the southern coast of Devon and Cornwall, we think it 
undesirable to repeat the full list of animals as recorded in our Dredging 
Tables. We shall therefore mention only those species that are either new or 
rare, or exhibit some especial interest from observation of some hitherto unre- 
corded peculiarity of habit or structure. We cannot communicate the result 
of our labours without expressing our appreciation of the service that we 
received from Her Majesty’s Gunnery Ship ‘Cambridge.’ Capt. Ewart, C.B., 
having kindly offered any assistance that we might require on the water, we 
were not slow to avail ourselves of the ship’s launch and crew for the purpose 
of dredging, and were on those occasions accompanied by Dr. Forbes of the 
‘Cambridge,’ a gentleman known to science for an exeellent memoir on the 
History and Topography of Vancouver's Island. 


Pisces. 


In reporting on the Fish, Mr. Couch says that although our success in 
this quarter has not been very abundant, still however our labour has not 
been without some considerable amount of success, 

the ordinary inhabitants of our coast we scarcely expected to have 
found the Twait shad, so near the bottom, in rather deep water, as to be taken 
in the trawl; we were also enabled to obtain a knowledge of the ordinary 
bod of the Megrim or scaldfish, P. arnoglossus, of which the examples were 
Rumerous: small specimens of Galathee were in their stomach. 

We were also fortunate enough to obtain a specimen of the Filefish; 
Belistes capriscus, the second on record as having been taken in England, 
and offering in some respects a different appearance from the figures given of 
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it by Willughby and Yarrell; but the particulars of this difference, as well 
as the way in which it was caught, it would be tedious to give now, and 
Mr. Couch reserves them for his work on our native fishes that is now pub- 
lishing. Also an account of another fish which we have obtained within a 
few days (Aug. 18th), and now report for the first time as a visitor to our 
coasts. This is the Short-finned Tunny, Thynnus brachyterus of Cuvier ; an 
example of which we procured from Mevagissy, and a second from Polperro ; 
Mr. Couch has made drawings of both these rare fish. 

Re” also obtained from the trawl a specimen of Mylkobates aquile, or Eagic 

ye 
Mornusca. 

Among the Mollusca of more or less interest the-following are recorded :— 

An exceedingly fine specimen of Octopus vulgaris, as well as of Loligo 
media, Sepia elegans, and S. officinilis. Also the ova of a Sepia, containing 
the rudimentary shell, apparently differing from those of S. officinalis, but of 
what species we have not yet been enabled to determine. 

A beautiful specimen of Idalia elegans, far more brightly rose-coloured than 
the figure given by Messrs. Alder and Hancock, from which our specimen 
also differed in the posterior extremity of the foot, terminating in three in- 
stead of a single point. 

We might also mention a specimen of Avtcula being taken about half an 
inch longer than the greatest length ascribed to it by Prof. Edward Forbes. 


CRUSTACEA. 

The first species of crab to which we shall allude is that of Acheus 
cranchu, spoken of by Bell as being rare; two specimens only being re- 
corded, one from Falmouth, the other from the South of Ireland. 

Certainly this little crab is by no means uncommon off the coast of South 
Devon, in depth from six to twenty fathoms. This circumstance enables us 
to state that the second and third pairs of pereiopoda are not drawn of sufli- 
cient length in proportion to the two posterior, in both Prof. Bell’s and Dr. 
Leach’s figures of the species. 


Among the specimens that we dredged,:we took two from six fathoms of | 


water near the Knapbury, that possibly may be a second species. Our atten- 
tion was first drawn to the circumstance from observing a peculiarity in its 
habits from that of the known species, which is that it covers itself with 
weed as we know is done by those of the genus Fisa. 

In Pisa this is no accidental occurrence, since all the spines are sharp- 
pointed and curved; and my friend Mr. Whitford has informed me that he has 
observed specimens in his aquarium which soon after having east ther 
exuvise, pick up with the claws pieces of weed and place them on the spine. 

In Acheus cranchii the spines are straight, a circumstance that gives the 
animal generally a hairy appearance. In the second form the spines are not 
visible to unassisted observation, and the legs of the animal look smooth and 
free from hairs, but a nearer and closer inspection shows that the spines are 


all hooked as in Pisa. The form of the eye somewhat varies also; but — 


whether these are sufficient to ground a specific distinction of the two all- 
mals, we have not quite determined, particularly as we have observed among 
the mass of straight hairs in A. eranchii a few hooked ones also. 
Of the interesting genus of soldior-crabs, Pugurue, we have taken six o 
peven species, Viz.— : 
P. bernhardus, P. hyndmanni. P. levis. 
prideauxii. '*  dillwynii. ulidianus. 
cuanensis, 
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Of the last species we have some doubt, as Mr. Bell remarks, it is ex- 
tremely hke the young of P. bernhardus, and certainly until we can capture 
aspecmen bearing ova we are much inclined to believe that it is so. 

We are glad to be able to record P. dillwynis from the south coast 
d Deven. It is now about fifteen years since the first and only specimen 
vu taken on the coast of South Walesa. No other naturalist appears to have 
fillen in with it, and we found it necessary to take an oceasional look at the 
onginal specimen to assure ourselves that we had not committed a mistake 
ia considering it to be distinct. 

A few weeks since, seeing a woman shrimping on the sandy beach at 
Tagamoath, we requested to have a look into her net, and among the com- 
mon shrimp we saw to our great pleasure numerous specimens of P. dillwynii ; 
afer purchasing her entire stock we hastened to the beach, and with the in- 
eming tide took numerous specimens which we kept alive for a short time. 
Ths, the prettiest of all the pretty genus, has the habit of burrowing in the 
uad, and it is probably to this circumstance that it has not been met with 
béxe; but, curious enough, we have since taken it with the dredge in about 
far fathoms of water in Bigberry Bay, and again one specimen in six fathoms 
nar to Plymouth as the mouth of the river Yealme. 

da imteresting point in the history of this genus we have been enabled to 
ett: out relative to the development of the young. The end of April or 
the beginning of May is the period when the young appear to be most abun- 
dant, Early in June we were enabled to capture many specimens of the 
young animal in various degrees of progressive development, a circumstance 
that has enabled us to determine that the species Glaucothoé peronii, described 
by Prof. Miine-Edwards in the Annales des 8c. Nat. for March 1830, is none 
other than an immature stage of the genus. At this period the little crea- 
ture swims freely in the ocean, until obliged by increasing age to take refuge 
ina shell, when he settles down and becomes a hermit crab. 

Of the genus Palinwrus we would desire to point out a curious and in- 
teresting structural condition of the inferior antennz. In all macrourous 
decapods the inferior pair of antenne is furnished with a lateral scale, or ar- 
tirulated proceas. This is invariably situated at the extremity of the third 
jot of the peduncle; now in Pelinurus this scale or squamiferous process 
ls incorporated. with the walls of the peduncle, the third and fourth joints 
being fixed together, and the squamiferous process exists in form only as a 
fgure impreesed. against the sides of the antenne. 

In the elaborate memoir of Prof. Kinahan on the genus Crangon, we think 
that he has erroneously figured the common shrimp, or that the common 
shrimp of the Irish, differs from those of the English, shores. The small and 
delicate second pair of pereiopoda that Mr. Bell describes as being “nearly as 
large as the third,” and figures rather shorter than the first, Dr. Kinahan 
makes as long again as the first pair. Prof. Kinahan’s figure is also more 
tender than that of our edible shrimp ; neither can we see the desirability or 
tonvenienee of the generic separation which he has made between those hav- 
ing the second pair of pereiopoda short from those that have them a little 
lnger. This being only variation in degree, and not structurally important, 
We consider as being only of specific and not generic value. 

Among the prawns we are enabled to add a new genus to the British 
fiona, namely, Caradina of Prof. Milne-Edwards. In making this intereat- 
ing addition, we must remark that it is one of name only, since it is, we be- 
heve, the same that Dr. Leach described under the name of Hippolyte va- 
rans, which has remained so long misinterpreted. We have occasionally 
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taken this species when dredging in Plymouth Sound, but never so abun- 
dantly as of late. 

We have previously observed the peculiar robust looking second pair of 
pereiopoda, but it was not until recently we discovered that it had the pecu- 
liar structural formation peculiar to the genus Caradina, in which the pro- 
podos articulates with the carpus, not at the centre, but at the infero-anterior 
angle, and thus appears as a partially dislocated joint. 

There is a second specimen that appears to me to be specifically distinct 
from the preceding ; it is more slender, and has the rostrum long and slight. 
The teeth are two above, the one at the base flanked by a lateral tooth on 
each side, and one near the apical extremity ; on the under side there is 3 
tooth immediately under the anterior upper tooth, and a second posterior to 
it: to this species we provisionally give the name of Caradina tenuis. 

Among the sessile-eyed Crustacea we have adced to our local fauna Mono- 
culodes stimpsoni and Amphithoé albomaculata ; of the latter we took but a 
single specimen, and remarked the similitude of its colouring to that of half- 
grown specimens of Amphithoé rubwaudata. | 

Considerable numbers of Tanais have been captured deeply inserted in the 
crevices of the slate rocks of the coast, a habitat that is also favourable for 
the residence of Anceus, a genus whose sexes have long been placed in sepa-_ 
rate genera. These we have been enabled to work out with great care, 4 
circumstance that enables us to support some of the views of M. Hesse, and 
- unite the two supposed genera as the male and female of one. 

We have only to add the peculiar circumstance of our having captured 
Chondrocantha zeia attached parasitically to a specimen of Synapta. 


ANNELIDA. 


Among the Annelida, Mr. J. Brooking Rowe remarks that the following 
have been made out, but we have many specimens as yet undetermined. 


H. longiesima ? 


Gen. Serpentaria. Gen. Psamathe. 
S. fusca. P. fusca. 
Gen. Pontobdelia. Gen. Glycera. 
7 P. muricata. Twospecies not yet determined. 
P. verrucata. Gen. Ctrratulus. 
Gen. Tomopteris. C. borealis. 
T. onisciformis. C. tentaculatus ? 
Gen. Aphrodita. Gen. Chatopteris. 
A. aculeata, C. insignis, 
A. hystrix. Gen. Arenicola 
Gen. Lepidonotus. A. piscatorum. 
L. squamatus. A. ecaudata, 
Gen. Sigalion. Gen. Terrebella. 

8. boa. Three species, which appear to 
Gen. Eunice. differ from any previously 
E. sanguinea. described as British. 

Gen. Northia. Gen. Pectinaria. 
N. tubicola. P. belgica., 
N. conchylega? Gen. Sabella, 
Gen. Nereis. 8. penicillus. 
N. brevimana? S. savignii. 
N. pelagica. Gen. Serpula. 
Gen. Heteronerers. S. vermicularis. 
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ALCYONIDIADZ. 


Among the Alcyonidiadz we have taken two species, in addition to 
gditinosem, to which we do not find any reference in the first edition of 
Dr. Johnston’s ‘Natural History of British Zoophytes.’ One of these resembles 
« moch the coral Eschara cornu-cervi, that but for its soft texture and 
Snbility it might be compared to it. The other resembles a short club, 
cmost an oval mallet, on the top of a slender footstalk. Figures of these 
hare been taken. 


EcHINODERMATA. 


Amongst the Echinodermata may be mentioned Echinus ingu, Spatan- 
mt parpureus, Porania pulvillus (Goniaster templetont of Forbes), and Pal- 
wis placenta: these specimens are often brought in by the trawlers, but some- 
tmes a maund containing little else than the Palmipes is procured at one 
tme, the others being rather rare. Amongst these and their more common 
wsciates we have on three occasions found a specimen of Luidia savignii 
eat eight inches in the greater diameter, and twice asingle ray of what we 
xteve to be Luidia sarsii. It is seven inches long, more abruptly tapering 
inthe other species; its upper surface orange, with purplish-brown 
sx itthe base of the spines of the paxille ; in all other respects it answers 
te description given of the species by the Rev. A. M. Norman in his paper 
withe genera and species of British Echinodermata published in the ‘ Annals 
«Nataral History.’ This is, we believe, the first notice of a western locality 
for this interesting animal, which must have been fifteen inches in its greater 
cameter. On the inner side of the eastern end of the Breakwater, where 
grey mud has collected, six specimens of Amphiura filiformis, remarkable for 
its pickaxe-shaped spines, occurred in one haul of the dredge. This species 
2‘ has not been noticed here before, the Durham and Northumberland coasts 
wing the only English localities yet given. Antedon rosaceus is common in 
the Sound, where it is found principally on the rocks that project from the 
nud and rubble of the bottom; of late years they have greatly extended 
their colonies, owing probably to the injured specimens having been thrown 
overboard whilst the boat was moving to a different spot. 

Ophiothriz fragilis (Ophiocoma rosula, Forbes) is common everywhere, its 
‘ours being most varied. We only mention it here to point out an important 
uvlification of the spines nearest the cirrhi, they being converted into hooks 
ef two or three points, which must greatly assist them in maintaining their 
teld of the rocks on which they live ; and more especially must these be use- 
fl in the young star-fish, whose life is for some time spent on sponges, from 
which it is, indeed, often difficult to remove them without injury. Ophio- 
‘ina nigra often occurs mixed with the last species, but is never 80 
tamerous. Specimens of Holothuria nigra are sometimes dredged, and 
‘aus brunneus is not uncommon in the Sound. We have also obtained Pen- 
‘ta hynimanni deeply wedged into the holes made by Sazicava in the rocks 
wiide the Breakwater. Sipunculus bernhardus, Thalassema neptuni, and one 
trample of Syrinz nudus have also been found here. From Polperro we have 
Neived a specimen of Synapta, but was unable to determine its species as 
te preservative fluid had destroyed its anchors and plates. Some years since 
‘ne was also obtained in the Sound, but was not, I believe, preserved. 

Before concluding this Report it may be interesting to briefly describe a 
cinous, and probably unique abnormal growth found on the oral surface of 
an E:chinus aphora. On opening the shell the inner surface of this part 
‘ppeared as if sand or some foreign substance had got under the perisoma, 
but on closer examinstion this was found to be owing to a growth from the 
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shell, principally occurring at the lines of junction of its separate plates. 
It was in the form ofshort columns and fungoid masses, on the tops of which 
the perisoma rested : this outgrowth presented, on microscopical examination, 
a calcareous network, finer and more loose than the other portions of the 
shell. The Echinus was not altered in form externally, but it seems pro- 
bable that such a growth, by uniting the plates composing the shell and s0 
preventing the increase at that part, should ultimately cause some distortion. 


Interim Report of the Committee on the Resistance of Water to Floating 
and Immersed Bodies. By W.J.Macquorn Rankinez,C.E., LL.D., 
F.R.S., Joon Scort Russet, C.E., F.R.S., Jamas R. Narre, 
Marine Engineer, and WILLIAM Froupx, C. E. 

1. The following Interim Report describes the experiments made by the | 

Committee up to the day before the commencement of the present Meeting. | 


Those experiments are still in active progress. 
2. The Committee held several meetings in the course of the past winter 
and spring, and agreed to a programme of experiments of which the follow-. 


ing is & summary. 


3. Two models to be made of painted wood, designated respectively as A | 


and B. 
The models to be ship-shape, and each of them to consist of two equal 


‘and similar halves joined together at the middle water-line. 
Elements of Models. 
A 


. B. 
Length .......... eee eee ee 4-000 feet 4-000 feet 
Breadth... ...... 00 0c cece eee 0-571 foot 0-571 foot 
Total depth ................ 0-571 ,, 0-364 ,, 
Form of Midship Section. Circle. Ellipse 
Area of Midship Section .... 0°256 sq. feet .... 0°163 
Form of Water-lines of fore-body...... Harmonic curves. 


Form of Water-lines of after-body ....Trochoids. 
Stem and stern-post vertical straight lines. 


Length of fore-body : Length of after-body :: 3:2 .... 3:2 
Mean girth ....... 0... ccs eee ee eee 1°45 foot.. 1 foot. 


Model A to be in two parts joined at the circular midship section, so thst 


by turning the after-body through a right angle about a longitudinal axis 
the water-lines can be converted into buttock-lines, and vice versd. 

4, Experiments to be made according to the method formerly put in prac- 
tice by Mr. Scott Russell, in which the uniformity of the propelling force is 
maintained by means of a regulating weight hanging from a pulley under 


which the hauling cord passes ; the model to be guided in a straight course 


by means of a stretched wire. 


5. Those experiments to be made principally at speeds not exceeding the 


natural speed of the wave corresponding to the length of the model, viz., about 
two knots per hour; but a few experiments may be made at higher speeds. 

6. The experiments to be made on each model under two circumstances, 
viz., with the model immersed as nearly as may be to the middle water-linc, 
and with the model totally immersed. 


7. The programme of experiments having been thus drawn up by the Com- 


mittee, the superintendence of its execution was undertaken by Mr. Scott Rus- 
sell, as being the only Member of the Committee resident in or near London. 
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& Fall-sized drawings of the models having been prepared in conformity 
with the programme, the models were made from those drawings. Both 
drawings are now exhibited, and also model B; model A, being now in use, 
bas not been sent to Birmingham. 

9. The actual performance of the experiments was entrusted by Mr. R 
to Wr. J. Quant, Naval Architect, who has performed that duty with great 
sill and asaiduity. 

1). Twenty-eight experiments have already been made on model A, upon 
aru of about 98 feet in length on a lake in Blackheath Park, the use of 
with for that purpose has been liberally granted by Dr. Joseph Kidd. 
Further experiments on model A are in active progress; and when they are 
caished those upon model B will be begun. 

Il. The Committee deem it advisable to defer giving a detailed account of 
those experiments until the whole series shall have been completed, because 
the separate publication of the portion of that series which has hitherto been 
mle would be but imperfectly useful, and also because, having only yesterday 
(Lith Sept. 1865) received the account of those experiments, they have not 

had tme to give them due consideration. 

12, The following general results, however, may be stated :-——- 

[ The resistance of model A when immersed so as to be just covered with 
¥ixy, and no more, is more than double of its resistance when half immersed 
a; the same 

IL When the after-body of model A is turned so as to convert the water- 
Enes into buttock-lines, its resistance is increased, and that whether the 
Eodel is half immersed or just covered. 


ee oe - ee 


Report on Observations of Luminous Meteors, 1864-65. By a Committee, 
cmsisting of James GuaisHer, F.R.S., of the Royal Observatory, 
Greenwich, Secretary to the British Meteorological Society, &c. ; 
Rossrr P. Greg, F.G.S., &e.; E. W. Brayiey, F.R.S., Professor 
of Physical Geogruphy and Meteorology in the London Institution, 
ke.; and Atexanper S. Herscuet, B.A. 


Tz Chairman, in presenting the Report, said, The class of phenomena 
kown as Luminous Meteors includes the familiar appearances of shooting- 
ars and fireballe—in the words of M. Quetelet, ‘‘a much despised phe- 
2 menon, long neglected by astronomers,” but which now justly claims their 
vention, and, as shown by the papers contained in this Report, commands 
i. consideration of those best able to speculate upon cosmical phenomena. 
The number of meteors observed during the past year has been unusually 
‘ail, partly owing to the cloudy state of the sky, partly owing to the absence 
‘as year of certain acknowledged star-showers, namely, those of January, 
Amr], and August. The November shower, although concealed in England 
ty douds, did not disappoint expectation. It attracted attention, and was 
¢<rred with considerable interest at Malta, as described in the Report. If 
“tz tky is clear, the circumstances are altogether favourable for its reappear- 
ax¢ in the present year and the next, in the morning of the 13th of No- 
Tender, Its greatest display is expected to visit us in 1866 ; but even in the 
werent year it is advisable to be prepared for its appearance by organizing a 
¢ mpetent staff of obeervers, and furnishing them with the proper means for 
dermining the radiant-point, and the heights and velocities of the meteors. 
Tee British Association in the past year having sanctioned a set of Maps to 
be printed for the use of the Committee, which are now completed and are 
365, F 
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presented with this Report, every means will be provided to Members of tl 
Association willing to take part in the observations of this shower, to enab 
them to record their observations with facility, and to reduce as far as po: 
sible the inevitable uncertainty of cloudy nights, which attaches to our 11 
sular climate in November. - 

A shower of remarkable meteors observed on the 18th of October la 
(of which a map, showing the radiant-point, was exhibited), coincided with 
date at which fireballs have made their appearance in more than avers; 
numbers. The radiant-point of this shower was perfectly defined in Orion, ax 
illustrates well the manner in which these maps may be employed. A sta 
shower Jesa conspicuous, on the 28th of July last, was observed:with a radian 
point equally distinct, close to Fomalhaut, the most southerly star observ: 
on our meridian. These and other accurate observations of star-showers a 
included in the Report. Continued observation will doubtless reveal oth 
radiant-points, and at the same time will lead to determiming more exact 
the position and character of those already known. 

Of large meteors, the greater number described in the Catalogue took pla 
in December last. Two detonating meteors were also observed. The fi 
occurred in England on the 20th of November last, the second in Scotland : 
the 21st of February. Observations show that on the first of these nigh 
shooting-stars were extremely scarce, so that at Weston-super-Mare a! 
Hawkhurst only one or two meteors could be counted in an hour. This fa 
of which the description is contained in the Catalogue, illustrates in a r 
markable manner the adventitious character of large meteors. Neverthele 
the 20th of November is one among the well-known dates preferred by fir 
balls. A third detonating meteor, on the 30th of April, was doubly observ 
at Manchester and Weston-super-Mare, and its height was well determine 
The nearest approach of this meteor to the earth was thirty-seven milk 
Startling as are the accounts of detonations heard from such a height, it 
yet more surprising that the report from such a distance should be brief a 
momentary. The sounds caused by meteors yet offer much which, it 
hoped, will be explained and illustrated by further observations. 

Interesting papers appear in the Report, “On the Origin of Meteor't: 
the series of Physical Processes of which they are the result, and th 
functions in Nature,” by Professor Brayley ; and “On the Physical Histo 
of Meteorites,” by Mr. Sorby. It appears from a microscopic analysis 
their structure by Mr. Sorby, that when aérolites resemble in their appea 
ance igneous terrestrial rocks, the evidence of their previous history has be 
more or less obliterated, while characteristic peculiarities in their structu 
evince that they could not have originated in the voleanic action of t 
moon or any planet, Mr. Brayley infers that they originate in 
matter projected from the equator of the sun, and condensed to the 10 
form in ite passage through interplanetary space. A gradual condensati 
from a vaporous state is said by Mr. Sorby also to represent more neal 
than any other the conditions under which they must have been consolidat« 

In this view of the origin of meteorites (including in the term Meteo 
Irons), their source is considered to be unique, and they are traced to t 
energetic forces whose modes of action are considered in Solar Physics. T 
bodies thus arising are termed by Mr. Brayley Metcoritic Masses, to ( 
stinguish them emphatically from all other members of the solar system, 
well as from fallen meteorites. 

In another paper contained in this Report, which is an abstract of 
‘Memoir on Sporadic Shooting-stars, Mr. Newton, basing his conclusic 
upon a certain knowledge of their height, arrives at some interesting resu 
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regarding the number and distribution of these bodies in space. The average 
height of the centres of their visible tracks is sixty miles above the earth. 
Their pumver in the atmosphere daily is seven and a half millions, and, if 
tot inte-cepted in their flight, there would be found in the space occupied by 
ceearth at ary instant in its orbit, 13,000 of such bodies pursuing different 
ii. Of shooting-stars visible in telescopes, Mr. Newton calculates that 
ce number is at least fifty times as great as the number of those visible to 
te naked eye. Indeed there appears to be no limit to their minuteness or 
‘. heirnormbers. Their velocity is greater than the velocity of the earth in 
wt orb't, ard Mr. Newton supposes that they are grouped together according 
» we law, probau'y that of rings encompassing the sun, resembling in their 
Duinations and dimensions the orbits of the comets, Mr. Newton, in con- 
dason, supposes that these bodies, which he terms Meteorcids, are not frag- 
mers of a former world, but rather materials from which new worlds are 
{xang; the latter view is taken by Mr. Brayley. 

Meteorcids and meteoritic masses constitute the two classes of bodies 
sith have to be considered in Meteoric Astronomy. It is, however, 
tastable to suppose that the same forces which in the phase of greatest 
axetrtion of the solar system give rise to “ meteoritic masses,” might in 
3 jie of vastly greater antiquity, and of greater extension of the solar orb, 
ut: given rise in a similar manner to the rings of “ meteoroids.” Continued 
xrvations directed to the phenomena of shooting-stars will end by remov- 
‘=¢ doubt from this province of astronomy, and throw new light ou certain 
¢Gralt questions in cosmical philosophy—such, for example, as the existence 
‘organic matter (a kind of peat or humus) in the meteorites of Orgueil. 

At the request of the Committee, the following Report for the past year has 

‘ea drawn up by Alexander 8. Herschel :— 
_The Committee have the satisfaction to present in this Report several 
cecriptions of large meteors; of which the details are given in the Cata- 
‘ene, and have led in some instances to determining their real heights and 
‘dodties, In investigating the path of the detonating meteor of the 30th 
= Apnl last (Monthly Notices, R.A.S., 1865, June 9), although resting on 
‘wo obcervations only, a high degree of accuracy was attainable. The Com- 
xitee take this opportunity of congratulating Members and other observers 
‘t the increasing precision of their observations, by which this satisfactory 
rsalt could be obtained (Appendix I. 6). 

4 few observations of old date, not previously recorded, are entered in the 
‘stalogue, together with extracts from authentic foreign sources. Obser- 
‘.ons of several star-showers are included, of which the results are col- 
oted in Appendix II. Recent additions of meteorites to museums, and 
‘markable meteors, are described in the third and fourth appendices of the 
Catalogue. A number of contributions to literature in meteoric astronomy 
w either noticed or given in full in Appendix V. 

‘ky-maps prepared especially for observations of shooting-stars, and par- 
sally of their radiant-points, have been placed for constant use in the 
1snds of observers. Dr. Heis, of Miinster, warmly seconding the appeal of 
‘+ Committee, has lithographed copies of these chatts, by which the meteors 
wtved in the same latitude* at Miinster are conveniently compared with 
‘Lise obeerved at Greenwich. To his courteous zeal and devoted labours, the 
‘wumittee are indebted for the heights of shooting-stars observed at Miinster 
1 Juy and Angust 1864 and 1865, contained in Appendix VI. 

* The latitude of Greenwich Observatory is 51° 28' 88”: that of Mimster Observatory 
#1 38°10". ‘The difference is therefore 29’ 32”, or not quite half a degree—about the 

Lge error unavoidably committed in copying, and producing a requisite quantity of 
“thographio impressions of the maps. 72 
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A CATALOGUE OF OBSERVATI 


Date. Hour. 


,; | 
| —+———_ 
‘1784. hm | 
Feb. 23 ll 59 (sid. Slough (Bucks)... ‘Diameter 15” © OOO HESS © HH8KHOS OE] og SECHOSSEESOS FH ACEOSD cocceesveseed 
time.) 16”. 
1840. 
July 26 Night ......'H.MLS, ‘Erebus.’ ......ccescceces cscccsen scaccccesscceecseefen accoeses eccccccc|ecccscenssese 
| 8, lat. 47°, B 
long. 97°. 
" 1841.° 
Aus. 9 8 29 p-m. .HLMLS. ‘Erebuas.’. ‘Brilliant meteor eeslecce Seve tOtoccecericooce eeaccccocecesle ser vossocees 
(local time.) E. long. 164°, 
18’, S. lat. 33° 
40’. 
Dec.16. Pre Tl yT TT rT tyy .. Hawkhurst =2nd mag.# ooccacl™® @oonvenccece eocohece Oeeeccen cSeoeer Near 4 Hy 
“T (Kent). 
| 
! 
| 
i | | 
! | 
i 
| | | 
| 1842. | Brom 
‘Oct. 5 9 12 le [bid evcccenecsocees| == 4 coveetecens eeeeeeonese eoeoleae SCC CCECeCeBASSEY 3 
a Jupiter... ..ccccce B. 
1858. | 
May 31 ll 12 p.m. [bid COS ECOREOZ ECON 4 diameter of fall eeececncs Cvenseces $ second eegeee At the sal 
| moon. tude ss 
f the same! 
| as a Xn 
Aug. 9'11 0 p.m.iH. M.S. ‘Fury, vy t meteor|Blne «and —.--cncececoeceeeee An the 
to0| 1 0 am, Of Sedo Ga-| ssenificent meteor ie erange. 
1860. | p= From neat 
Oct. 13 eeeoece sseorere Balin’ | Bay......'Large PYYYTYIVITIVTIIHETI iri peia, act 
| Minor,a2 
iteelf in ¢ 
| of Draco. 
| 
1961. | 
Aug. G.About 10 Kidderminster [Large ......cccccsccclcccocsscsssese ...(About 4 secs. jAt Footy 


shire). 


a re 


| p-m. | (Warwick. 
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LUMINOUS METEORS. 


Direction ; noting also 
Length of | whether Horizontal, 


Path. Perpendicular, or Remarks. Observer. 
Inclined. 
phncopic meteor with SOCSHHSSCHHSSO Ese) cee eHHOHHCeHoocegoasseneHedeove SCC He TE HOHE BEET HOOMe VO AEEE0e W. Herschel 
\hesala, (Journal of 
; Observations). 
menenssaseveesvonscvscnsce|scccaaccescs ses |oabussecesensnans coccesceccee./'! Meteors in greatnum-J. C. Ross, 


bers were seen darting; ‘Vovage to 

about in all direc-| the Southern 

tions.” 4 
euesewsues@oessl ocueedens eneecass saaseanees In one hour fifteen fall-\[d. 

ing stars. 


Uabe renassreseese a SSOSSASERSE 


scossccosseees[Fell in & curve with one|Flexure not great, but/J.F.W. Herschel, 
or two bends. certainly not straight.| MS. 


mmtnogn as centetegeoeS ee eReenee 


bs long broad sperk- PYyY PETTITT TT) otto I er TTT) Id. 

ing train for 5 seconds. 

be patch of ight of its POR eeeeonessers Stationary Cvocccascacces|® Ceaeseeeeeeveceeessces oeeeces Id. 

Wa cae at the place f 

!mecveds, 

mt. Left a train which|...............|Fell in the N.N.E. ......\Handreds of meteors;Sherard Osborne 

led & minute, overhead shooting (J apanese 
from N.E. to W. Waters). 

bbved by 2 tail of light eiaksuaceddeeee eeduscscesvanscegouetaseess ..|Crossing the beams ofiC, F, Hall. 

B an aurora. 
bencted the whole}...........000 S. to N.; horizontal .../Fine starlight night, no'H. W. Johnston. 
“thet with its light. wind. 
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H Place“of A 5 Col | D Freition, 
our, : pparent Size. our. uration. titude a! 
Observation. Azimuth 
1862.;h m 8 
Mar.2]}.ccscoccese ....| Brisbane coccececcccces cncevecelec TTT TT eacvelscccccscccensasess|o weceeceecsessees 
Observatory 
(Australia). , 
eeeosessete ene Ibid OOPcccceneesese Brilliant meteor ied ToS | COOKS OREORH FED (EHH T ESOC E ESE EDEES In the W. ** 
8 to 9 p.m. Hawkhurst Small @oeeeeestonce ‘eoleces eeecces Oeecon slecees eeooveceaasansons® SCeovesere POs r008 . 
(Kent). 
8 to 9 p.m.'Ibid ......... cccooe{SIMAl] recvccccccccs|ssccvecce seecscvecfece eecccececcseccalessvececcesesseen 
Nov. 1 l 30 to Ibid Coeseeevecconesleosoagses Ceoresetreseceelos Sacccceconvenscse|seensee OFORS He cease se SOBs aEEenEseee 
2 a.m. 
2 1lltolZp.m. Ibid ORCHHH HEH O SS EEE er eatEese®BOreesearrecsaelescgaen eoces YYYTTi cry) Can eeeseeseoses coe eon Sesonsneore: 
1864. 
Aug. 3) 7 50 p.m. On Frames Very large, produ-'Yellow ....../Very slow mo-|A few de 
(France). cing a stron tion, above the 
light. — horizon. 
810 7 p.m.j|London ......... = 2nd mag.# ...... Ruddy white...|3 second ...... From 3} if 
Herculis_ | 
Corone. 
10/ 9 5 p.m.|Eastbourne Much brighter than]........ Ssceeeene About 3 secs...|Passed throug! 
About 0 40 ane St Jupiter. Lynx. 
16 ut nca e fireball TIYTTICL Ie Liriri tir 2 3 Cees secasgneeries 
ath. Gotthard). or 3 seconda}------- 
29' 9 24 p.m. Weston - super -| = Ist mag.x......... Orange ...... 3 seconds......jFrom § Persei 
are. Piscium. 
Sept. 2) 8 16 30 [Greenwich ......)—1st mag.#......... Bluish white.../1 second ...... From direction 
p.m. ; Cygui to «Pe 
5 10 21 p.m. Ibid weebeaccccevere Greater than Ist Bluish white... eeoeee COSercccqgre Disappeared uw 
mag.# Bootis ; pawts 
. pearance not 
6 8 55 p-m. West Linton Large SeGeesnsoeecces Bluish Sonseneselion econcesoosoneses Between E. | 
(Scotland). S.E. | 
6 9 5 p.m. Ibid eeeces Ceecveccecs Large PITTTITTTITITITIIILILI LLL PrriTiirriririi tt In the N wavones’ : 
11! 8 26 p.m.|Hawkhurst =$8rd mag. ......| White ......... 0°6 second ...,Centre of the] 
| (Kent). at « Cephei. 
12; 0 41 a.m.|Wolverhampton |=2nd mag.« .,....;Blue ......... 1$ second ...|From « Pensa’ 
Urs: Majors 
14/11 51 p.m. Weston - super -|= Sirius ......... ...|Bright white...|3 eecond ....../Began at 25 Ly 
are. 
19111 40 p.m.|/Hawkhurst =3rd mag.# ...... Yellow os... 0°8 second ...|Midway bet 
Tacerte. 
20| 8 21 p.m.jIbid............... = let mag.+.........|Orange........./0°8 second ; |From § Hercal 
rapid. = | ( Opbs 
' § Teuri Pa 
| | towski). 
7 | — 
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Direction ; noting also 


whether Horizontal 
Perpendicular, or Remarks. Observer. 
Inclined. 
a seeeeces ../Shooting-stars frequent/Pugh’s Directory 
through the night. (1864). 


on the 22nd and 27th. 


secccccccccevcccccscecssoceces(L Oe hour, one meteoriA. S. Herschel. 
only ; clear sky. 


ear sky. 
Secececcfeccoccccessceeclscose seovsssccsceceesesseoeses[Aa thirty minutes no/[d 
. meteor seen; clear sky. 
sssescsoncccsccece|soeeeece ccccccslecescccscesccsccccsscoesssecee[L One hour no meteori[d. 


seen; clear sky. 


nied que, Increased|............+0.|W.SW. to B.N.E, ......,Lhe meteor (? the train)|‘ The Times.’ 

in ee mtd it burst remained visible one 

wt ishewer of sparks minute. 

hse a recket. 

@ tam the samel........ enccscefescesceceees ecsucscceccccccss|*eseesececenseressavarcesce ...{1. Crumplen. 
leorth us the path. 

pew. scceecececes 5° or a little Cetcccscess Occcbensescvconccer In twilight conte Oeactetes G. F Chambers. 
Ra white streak fo EB. to We v.ccccscsseseness Sky cloudless; the light|Modena News- 
fer! mieutes: broad of the meteor re-| paper. 

ad loog, sad ehan sembled = noonday; 

Ps itt form and dazzling. 

hier to yellow and 

fish train, 15°in length eeenere Ceaccces|e® @uccce POOR r cone vercenneeenes Slow motion oereseeseses W. H. Wood 

BE nc cecees Perpendicular .........00.]sstccseseseeeesssocecesceesees|We Cy Nash. 

be sstnsensnese sesssenes Nearly perpendicular ...|Slow motion ............([d. 

m bke a sh peel Oeneneeerorecs COPaceeneetelsseee Onvaseceveses Oeveceeneses Walter Bell. 
wating the 

Wh 8 

Ong train of light,|-+--+.secseeses|sreeeeees seaessscscoesscoos..,{OD the same night aifd, 

Vach rem aE Mis] reeseeeeeceees number of other me- 

ther the teors were seen, 

lei mostly large. 

he ssecseee BS , ccccscccce Directed from n Cephei.. eeePOPecenerenssseetccageccer A. Ss. Herschel. 


Pech eee ee dOSh eRe nsahHe | FH HOSS EHOSEHHS EO EraresEreNee 


MO vssscessentesoneces 10° _oae,,,{Downwards towards the|Moonlight .............../W. H. Wood. 
“ right 20° from per- 
pendicular. 


2° , .ccesesee-/ Almost stationary .oeoee(No other shooting-star A. S. Herschel. 
in 50 minutes. 
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Place of , Positionn, 
Date.| Hour. Observation. Apparent Size. Colour. Duration. Aliinde | 
1864./h m 
Sept.20|10 35 p.m./Hawkhurst =Capella, then=|White, then|3 seconds; (/From « Pers 
(Kent). 2nd or 3rd mag.#| red. very slow. | (#97) Aur 
20/10 58 p.m.iTbid .....cccereeees =2nd mag.# ......\Orange ....../08 second; |Tog(«Andro 
the way 
« Triangal 
22 ll 52 p.m. Ibid SOS creceononees =2nd mag. geoege White eceseenes 0°6 second eae From ¢ to A P 
22:11 59 p.m. |[bid ...000..,...00¢/ = OPA MAG cece! WHILE coossees, 0°7 second ...|/Began at 8 4 
23 8 36 p-m. Ibid Coveseetsanvecas — & Lyrz seene oes White SOG CRCeae 1-2 second @ece Centre of Pp 
« Cygni; 
peared be 
; yand — Cy 
23 8 48 p.m. Ibid ecoeoneace Ctcone = 3rd mag. e@ensas White Steoseese 1°2 second ee From Q Ca 
pardi to « 
Majoris. 
23| 8 49 p.m.|[bid ........0ssere =Srd mag.# ..... White ........./1 second ....../From y Laces 
e Cephei. 
23| 8 50 p.m [Ibid ...cccccccernes| = OFA MAG 20.00. White ........-|1 second ....../From y Urss 
. noris to % | 
Draconis. 
23 8 54 p.m. [bid Oowonesecaccece =3rd mag.# eeceee White eoecceors ] second ove Disappeared 
way betwe 
and « Pegas 
23; 8 55 p.m. |[bid ..c..cscseeeees =Srd mag.# o0.../ White ....e.0../1 second ......;Midway bet we 
and g Pegas 
23| 8 59 p.m.|IDid .....sccsseree | OFA MAM ...0e. White ........./I°4 second ...'From s Valpy 
to 4° beya: 
23 9 54 p.m. Ibid SOGeoeserseoece =3rd mag.% COsens Yellow @eennes 0°5 second H From & Andr 
rapid. de to 2 (; 
. | Pesasi- 
24| 0 20 a.m.|Mont de Marsan|Fireball; large, like].............000..(|MOoved rapidly].....ccccsccescscs 
(S. France). a bombshell. 
24| 8 26 p.m.|Hawkhurst == Ist mag.@ ...00.| White ......-..(0°6 second ...|From 2° W. of . 
(Kent). melopardi, 
way toe Ly 
24 8 37 p ™m. Ibid TYPPTeTTETIT TT =3rd mag.# eeener White ocececece 12 second eee From + (6 Cor 
® ntis 
4° beyond « 
pentis. 
24| 8 53 p.m.|[bid .........000...|=3rd Mag.t ......| Yellow ....../0°S second ... Began at «x O 
uchi. 
24] 9 29 p.m.[[bid ......ccccccees| [ONE MAQe  cicee.| WHO coesseee. 0:4 second ...|From 4 («, 5) 
Draconis. 
24) 9 32 p.m.|[bid ....cc.s0ccce0ef== OF Mag-# o0..../ Yellow  .s.00. 


24 


0°6 second ...|Disappeared a 
(K Cerberi 


; Cygni). 
9 38 p.m.|Ibid ....cccccssecee|== & Lyre, then=|White, thenj3°4 seconds .../From } (2, 3) T 


2nd or 3rd mag.#; red.- 


Minoris to K 


melopardi. 
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! 
; Direction; noting also 
enoce; Train, ifany, Length of | whether Horizontal, 
ad its Duration. Path. Perpendicular, or 
Inclined. 


Remarks. Observer. 


iasbed ia nidway(15° ooenvetse Radiant, @ Ceti Coeeecaceloccencen PY VITITILILIT TTT TTT Te A. S. Herschel. 
oa dell red star,| 

meee a teil of red! 

perks. ! 

tain or sparks eoesesene 20° SPOCHSHSL ES Severs sese SOorcevavecnnce OOOO Col acc ones aseOeseeSeSesesessesenrs Id. 


tals or sparks ......... Vanscascsessenee|srcessessasensressnesesecssoceleesencens eoeccccccee ovevesvess Id. 


Wanesenessoncdeences Oeeeste>r B° ,. .cocseccee Directed from bad Trian- CoO oeHesteerseresvoreceesvenes, Id. 
gule. | 
tan w sparks evecccees COSe ae HeerovsnalCSCSHSSEEHAH EH HSEHEDFSOCEREDEEEls Ceesccerace COoertosccnce @eees Id. 


| Wain ot garks seccceccs eccrecccceneces ceeeeee OO re ee eeeerecenes seer es lseeccescecenseeageseessenscess Id. 


bine or sparks eccnceves cecccassenenecs| *TOeeseseseeses Ceeasovereeselios eeastecnceses Cocvveecsececs Id. 


xx or sparks eesseesee POSECOOSOOSEEOHES COP OOROEO Ea OD OOO EELE phate ITITTIVITITITTTTT TTT TTT TTT TT Id. 


15° atesceses Radiant, B Aurigeze PYTTYT HII re) COPevecaonce Id. 


COocesccceseconles Coecenseesece N, to Ss. Seoee -covesetOsese A report equal to.‘ La Gironde ’ 
twenty pieces of Newspaper. 
caunon fired off to- 

gether, followed the 

meteor, lasting 10 

seconds. During 

sunshine. (See Ap-| 

; pendix III.) 

Aes or sparks Carceve estesece SOOROSEDE Sl soccer engeaareveoes PeeOOerosaeelsecves OFOnvecece eeeeoeoccorsor A. Ss. Herschel. 


Wein w sparks , Covvceceieses COOCSOOK ce olooreessBOneedsheeeedeceaesesesiererseene ecccccccrcccesevecess LCs 


Swe sescasessensecs (Do ccccccccecs Directed from eHerculis,|.......cccccccccsccccsecsevecs Id. 
m Radiant, 8 Aurige. ta 


me eeenseessectescenees 12° Cece csecce Directed from rs Cygui eslee ryerTyT) PTPTUTITITETI TTT rT eee Id. 


_ reclens, drawing:.........00000+/0. ecsceceecconcscescoscerscees! A singular shooting-star Id. 
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Date. 


1864.) h m 
Sept.24| 9 42 


241 9 47 
24/11 3 


24/11 13 


24/11 15 
24:11 32 
24/11 44 
24/11 47 


25; 8 43 
25) 8 45 


251 9 44 
“Q5l11 45 
26| 0 30 
26|8 2 


26,8 4 


26) 9 50 


26/11 30 


27| 7 48 


Hour. 


Place of 
Observation. 


p.m.|Hawkhurst 
(Kent). 
p-m.|[bid .........cecse 


p-m. Ibid StCeSHSseneeoues 


p-m.|[bid ......s00.00.-- 


p.m.| Wolverhampton 


p.m.|Hawkhurst 
(Kent). 


p.m. Ibid @eseeeceoveeoeos 


p-m. Ibid evetecccecccere 


p-m.|[bid .........s00.- = 


p.m. |Ibid ......seccesees 


p.m.| Wolverhampton 
p-m. Ibid Sebceceresecsne 
a.m. Ibid beeosescoceceaes 


p.m.|Hawkhurat 
(Kent). 


P-M.|Tbid .....cecsrecees 
p.m.|Weston - super - 
Mare. 


p.m.| Wolverhampton 


p.m./Hawkhurst 
| (Kent). 


REPORT—1865. 
Position, 
Apparent Size. Colour. | Duration. Altitude 


=3rd mag.% Goarer Yellow oodees 0:7 second eee 


(y, 6) Bo 
=3rd mag.# ......|White ........./0°7 second ...|/From « to 
=3rd mag.# .:....| Yellow .........(0°3 second ...\From O ¢ 

pardi to : 

Minoris. 
=3rd mag.# ......|White .........(0°8 second .../To $ (2, 6) | 

peiz, | 

from p 

medz. 
=Iet mag.% ....0lWhite . ....... 1% second. ...|From « Drac 

Z Herculis 
=2nd mag.# ...... White .........|1 second ......jFrom $ (°,) 

Camelopar 

Persei). 
=3rd mag.@ «..... White .........|1°2 second .../From ¢ | 

Cygni. 
=2nd mag.# ...... White ......... 0°7 second .../From « Pi 

6 Ceti 
=2nd mag.# ....-.|Yellow.........|0°8 second ...{From $ (7 & 

Draconis. 
=3rd mag.# ...... Yellow. ...... 1 second From } (s, ) 

Urase Maya 
=2nd mag.# ......|Orange.........(14 second ...[from « Lyn 

Draconis. 
=2nd mag.# ...... Blue  ..ace... 2 seconds......|From « Aqod 

a Herculis. 
==2nd mag.x ...... Blue — wcecceces 14 second ...|From « Cet 

Aquari. 
=3rd mag. ...../White ......... 0°6 second From A (Cu 

to H Ca 
=Srd mag.« ....../White .........(/1 second ....../From Par 

to r 

2326) ( 

pardi. - 
Large fireball ......] White ...cscccclesscsescecsese ...{Fell to the 1: 

horizon fra 
altitude of | 
. 30°. 
2X Mare .ccccasceees Golden. yellow/2 seconds......|Began near P 
= 3rd TAZ.% vevcee White ..........0°9 second ee Began at Cy 
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Direction ; noting also 
ypecance; Train, if any,, Length of | whether Horizontal, 
nd its Daration. Path. Perpendicular, or 
Inclined. 


Remarks. Observer. 


memmrasscssvesecscccceccesth se ccsccceces| Directed from » Bootis..|.ccccssscsecoscscccossccssorestAe 8» Herachel. 


In two hours nineteen|[d. 
meteors. 
.|Radiant, 6 Aurigss ......|Id. 


Nhe extn ed OS SC EESOORSESSOSEDSSISCSEHSHSLHSTEHSESHeteceHSORECeSeSSSSHOLEKC CHSC EHSESS 


e 
Wen cas 250 cae: MPeecccovceeeconece 15 COSe ree eelcnecnenserserossen segesesnees 


Dretrascnes0n 000d 0 eOO see eesc clo ee oot de eaecas SSSCRCOESETECeOR RE EDEOEEEOR DS 


cettecene SHSvOsHeKooeseseeeses Communicated 
by T. M. Sim- 
kiss. 


ahs beght streak for/10° ....0..../+0 ee venccseccscecccecoecces ..(Radiant, 6 Aurige ....../A. S. Herschel. 
r) 
2 wecunde, 


Radiant, 8 Aurigee ......(Id. 


Coesevdoasnosese 18° 00 Ceoon oe] oF OSHSEOE FSESecendseraheeneeHren 


@atan............006... 18° - ecsecc see eeeseeue etesCooeseoaseeoence 


r 


someccceeve Cee cerccccascns® fe OPEL eS eeseele FESO OTHE TOOLS OOS OOONEOE DDLI® CHOOSER SOORE SURESH OE OOH SERES Id. 


In one hour eight shoot-|Id. 
ing-stars. 


e atesvoese SHe [FPEKSSSCOHSSHEC HOH ESECOKEREESeabe 
° 


eid? 
felt 
Hoe 


petas 
rl 
ay 


Wh a short train O8ecccenc] eraesee PUTT TTI ke ey) POX TIT Senorecoecace oovese T. M. Simkiss. 


mee eee en attecescccs es ccs] * OS ecrcesecnses| St POCnenccarnececeeeesecaconeleeoesheacense PoeoConcssensaces Id. 


Mm swtncetconceconsortcces ce OOveseoseeeoete eccccneeeenccncccesconceedeces 059806 925202426 BLDAASECEE CELLOS A. Ss. Herschel. 


worms eeuenseeesssoseocceecs ccc ccecaceonsses® COC Cb eeeoenccrccsecneocetees In one hour eleven me- Id. 


FeOSHH SHH CEH HOSEAODHRSSCCHEEOCED Communicated 
byW.H. Wood. 


inh Lit YOey TT Pee eececesehectons Downwards towards th 
left, 15° or 20° from 
perpendicular. 


La tert rain separated secees(- to W., nearly hori- 
tw the bead, thine— coeeesonhecrers sontal. 


*—— 


Men atsetetsneser ses 7° |. ecocesses/ Directed from t (¢, 8) 
| | Cygni. 


CODOCHe SCORE COEEDEDEHOSEREEEOD Communicated 
by T. M. Sim- 
kiss 


seeee bovececersccerceseesececs [As Se Herschel. 
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REPORT—1865. 


Positior 


PI . . : 
Date.| Hour. Ob en. Apparent Size. Colour. Duration. Altitude 
1864./ h m 
Sept.27| 7 52 p.m./Hawkhurst =3rd mag.# ...... White .........|0°7 second ...;From R4 I 
(Kent). to «¢ Herc 
27| S$ 7 p.mj[Did .....ccccccece: = « Lyre, then=|White, then/4 seconds....../From 6 “4 
2nd or 3rd mag.*| red. # (8, « 
uchi, 
27| 8 16 p.m.|[bid ...............;==2nd mag® ....../Yellow ....../1°6 second .../From « Pe 
4 (4, B)( 
pardi. 
27| 8 34 p.m.Ibid ........ evteees =Srd mag. ...0..| White ....000..|1°5 second ... From 9 Las 
ps Cephet. 
27} 8 44 p.M.![bid .....0..000000./==SPA MAG seco Yellow «2... 0°8 second ... From y Cye 
agitte. 
27 8 44 p.m. Ibid eeccore eecgnees =3rd mag. Oseves White evecceses 05 second aoe an o 
4 (y «)' 
pein. 
27) 8 52 p.m |Ibid .......c...0008 From x Casi 
; to x Ceph 
27 9 I p-™. Ibid OFC oseorvennose =3rd mag. eeccee Yellow PyY tic) 0°6 second ees From + | 
Draconis | 
Creni). 
27 9 14 p-m. Ibid Coeeacese essere = Sirius POCCCRDEDERS Red, then 0-8 second eee Began at ad 
white. 
27| 9 37 p.m.|[bid ....ccccccceeee| = 3rd mag.e ......|Xellow ....../1°3 second .../From } (A / 
meds, g LA 
to e Pegasi 
27 9 50 p.m. [bid ....sccccscseee e eastne oo [UP From } (2,2) 
halfway to! 
a phini. 
27 9 53 p.m. Ibid ecnccnce eeeesee =2nd mag. @eterce White Ooevensse 0°6 second eve Began at 7 Ce 
27) 9 55 P.m.|[bid .....sc0ce00/= 3rd Mage ...5.,| White ........./1°4 second +-[From 8 Cen 
« Mino 
27 10 27 p.m. Ibid Caoccessstanese =3rd mag.# eeenee Yellow @osese 0°6 second eee From 3 (S, 1 
melopardi | 
(Polaris, 
melo : 
Q7LL 11 p.m. l[bid ......ccccccsce|==SFA MAG o00.../WhItG srocsseeell'] second .../To d Teleseo| 
of the way 
6 Aurig®. | 
27111 14 p.mlIbid .....c0eeces.../ 23rd Mage ......{Yellow ......)..0 sesesscceseeee| From $ (6: 
sei to } 
Androm 
29; 2 5 am./Wolverhampton |> Mars ............|\Golden yellow|2$ seconds .../In su, B., all 
30) 9 15 p.m. [Ibid .....csccccese| = 18t MAR s00..f VEHOW, then).cccsrcesseerercee( About 20° : 
green. the E.N.B. 
rizon. | 
Oct. 5/10 46 p.m./Hawkhurst =2nd mag.« ......|White .........(1°1 second .../From + (h 
(Kent), Majoris, A 
conis) t0 ¢ © 
Majors. 
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Train, if Length of ue ene ane 

parance ; Train, if any, gt whe orizon 

mi its Duration. Path. Perpe ndicular Or. Remarks. Observer. 
nclined. 


pepeash00 0699980050000 FOS 0e  OOROEHS SCOESOHOAI cov oeesoneseenseesaces CaSSEST Ov ceeaeenonsennensacee Ceonreocacs A. s. Herschel. 


15° Seecatoces Radiant, 6 Ceti TYYTILYT TS ELIT rs rier) Id. 


eetogoner easeseioe COSOeeoeSSSEOSEHCAHOTOHLOPOE aenocescereereoneseesenaees ene Id. 


neatn thee hh hd LL) 12° eencensce Radiant, 8 Aurigee POCO OO cease enccocoueroeoesnneeseaee Id. 


Cec SSeeSeocel ees cloesseccesscgcrreseeboosece In one hour twelve me- Id. 
teors. 


© ..cocce-{Path undulating. Ra-([n one hour twelve me-|[d. 


' diant, 8 Ceti. teors. 
tee SULITILTE LTE YT TET 15° Setaseses Radiant, 8 Aurigeze e0esesicccose ececetecccea eveceoetetarn Id. 


Puorestarccenene COpecccosens® FoR SSeeesseces Towards é Agquarii oavetelcacens Cevacenees oevecanee eceecs Id. 
° weocecare Radiant, 8 Aurigs COel Se soeseerocresososace eoecesaesece Id. 


Rm coerce scsoecoentescecece 10° seadetece Radiant, B Aurigse COGe selon esHOSeKeSPSOHeeseeasSGean Ges Id. 


sesscencee|4 secsevacees-(Directed from # Cepheil[n one hour ten meteors Id. 
Coesensasesetee 20° Che oatee Radiant, 6 Ceti COvevesaelecerses Saases COC ovceeesevensene Id. 


we Ona bescneoee snegeneseees 15° enetevese Radiant, B Aurigz SObeaclecesan oneevase Sesesoocces senses Id. 


teors. 


Va lef eressetesccssoclecccescoecceces Horizontal. Ss. to N. Serlcccccccsecenesecosenserdoovess Communicated 
y &. Di. SIM- 
kiss. 


weet sretsceee see oscece PITTI Yi ST Ld he Id. 


\ 


CHOOKHSE Ce doenesal- eoesVedSHsSF He sSosossvsastore eOeneceseoancentetoavsdesecacs A. Ss. Herschel. 
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Pl f Positio) 
Date.| Hour. Observation Apparent Size. Colonr. Duration. Altitude 
1864./h m . 
Oct. 510 49 p.m.|Hawkharst =2nd mags ......|White ......... 15 second ...|From 6 At 
(Kent) e Lyncis 
further. 
510 56 p.m.|[bid............0|==3rd mag.# ......[Dull............0°9 second .../From = « 
medz to. 
Pegasi. 
5|11 40 p.m.|Kensington =2nd MAg.# ....1.]---.ccccescceeeeee{NOt more than|/From R.A. 1 
(London). 3 seconds. N. Decl. ¢ 
R.A. 11>: 
Decl. 60° 
6,8 9 p.m.|Hawkhurst =2nd mag.# ....../White ........./1 second .......To A Andr 
(Kent). of the wi 
; e Lacertz 
6} 8 15 pam.|[Dbid ........ccecccef== Nd MBQ.S .ro0ef White ..0..0...]1 second .......Rrom 9 P 
halfway 
Arietis. 
6/11 10 p.m.|Wolverhampton |2 x Mars ............/Blue and red../3 seconds....../From 9 to Z 


Il} 3 0 
13, 0 45 
13) 0 56 


13| 2 30 


18) 9 52 
18:10 13 


a.m.iIbid ........ eeceese 2 seconds...... About 30° 


W.S.W. h 


a.m. Ibid eoatesteoosgentes = ee Blue SSOnveese 2 seconds...... About 20° alx 


E.S.E. hor 


2.00.|[Did ......0+...ee+|/ = 18t Mag.it......6.(Greem ......0--(1¢ second ...'From y» Cass 
| to « Cyeni 

Fully 3% secs.;;About 35” 

very slow, the E. hor 


motion. - 


3 X Sirius......cosese 


@.m.| [bid ......ccccceeee| = 186 MAZ.H ....-- White ...,...0 1 second ; very|/From ¢ (a, 3) 
rapid, norum to | 
a.m.) Hawkhurst =3rd mag.# ......{White ........-/0°5 second .../From e to £ 
(Kent). Persei. 
GM. |IDid ....sseereeceee| == SFA MAK. ...00e/ White .0....0..10°6 second ...[/Began at ; 
Camelopari 
Lyncis). 
a.m.|Wolverhampton |2 X Mars ......ce.ce(GOlden yellOW]...caccecsescoee tAhouts 30° 
the S.E. ho 
p.m |. Hawkhurst =3rd mag.« ......|White .....00../1°2 second ...|/Began at f La 
(Kent). 


p.m.| [bid ......cc000+.|==Srd mag.# ......,White, then/1°3 second ...|Began at } (¢ 
red. Minoris, x 


conis). 
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Direction; noting also 
Length of | whether Horizontal, 
Path. Perpendicular, or 
Inclined. 


a meme) Sree ermine ———EE—EE 


persace; Train, if any, 


ed its Duration. Remarks. Observer. 


ha tae for l second ROMOSCSSESEOHROSS COvecscessceehbecoeeaneesare eoel*e%e Serer asocececasosoe e8edces A. Ss. Herschel. 


ecoccses COP Oe rele ce veeseaetheees cen eee ne deena r HPP OPGOAOeeenrscceesenseSGeene Id. 


POSSE neccvese [EOERscaccese CORO Se as neerend Prlcocece seceee Condor ceeesese eee A. Ss. Herschel. 


Woy eess0s@becesregeee CFOS CO 


OA eo _eeeeeereESSOSTCESSSEESLS SSCHOHACESSSOSSHSISETOCSOHORESESALESELE eooseesssleeasesacsn SOC eeeeOBecesOdaenses Id. 


kis 
Ob i seg bright train ...|.-..cc-cesssecleoeseresees se sesesenscceceoees Meteors very frequent|[d. 
men through the night. 


Ba short train Coceangcs LFOBOSCESES cee SEO SHEER OORaneseaOSTAREH ESOS ELE SCHOCoHetoraTreTegeneeeseveaeges Id. 
aeececcnsecnces N. to S. Horizontal ...|......0.-seccscsssecseccscnees[IGe 


- 
ee 
a aw 
-ro- 
bem Id. 
eee SOCGesseseiosed SSo ne geeaososeseveseease Seatoseeesevessesstoces CCaeesasesse 
= 


*theeeees cee PTY POPP TTICIVITITTTTITTITLICLITTiT Ti riyi iii rrr rd A. S. Herschel. 


-|6°. ..eccoscnee[ Directed from g (C, )lecess-csccesccessercescnes os {Id 
Camelopardi. 


rene ccaeeeccses eesees SOCoveagvesse CepeeesOGseaenatece SeeveeeHlSGgacp***FecegartevaegeoggegessesgEdcses Communicated 
by T. M. Sim- 


~_ kiss. 


a |< Directed towards B Pe-|........+4+. bevsecvccceccccace A. S. Herschel. 
Mat a half of ite 18° veeacsege Divected from 9 Cephei Coecccesccccessseesserecence (Id. 
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Place of , Positic 
Date.} Hour. Observation. | Apparent Size. Colour. Duration. Alfitud 
1864.;h m 
Oct. 18/10 20 p.m.|Hawkhurst =a Lyre ......0. Blue, | with|2-7seconds....From 4% 
(Kent). short red Camelo; 
tail. 4 (% « 
conis. 
18]/10 22 p.m.|[bid ..........0....{= © Lyre  ....00.../Blue, with)2°5 seconds ...|From $4 ( P, 
short red melopar: 
tail. 8 Ucse 
to 4 (7, 
conis. 
18/10 26 p.m.!Tbid ....cscccesses = Ist mag.* ...... White ...... .».{1°3 second ...|From nea 
. scium ft 
Androm«e 
Pegasi ). 
18/10 43 p.m! [bid ......,.scecces| == SP MAQsH..cessves|cerseccseeeseeoee(O'G Second ...|Began at 
Arietis, 
an )- 
18/10 52 p.m.|Ibid .........00000.)> 1st mag. ......|Bright white../1 second ......|Midway be 
and @ ( 
rum. 


18 10 58 p.m. lbid SEOCHEHOH CHEESES = 3rd mag. Saeaes White eeesOtece 1°4 second ese From x Ce 
4 (2, a 
conis. 

18 ll 2 p-m. Ibid eseeoesSGaseecs = 2nd mag.* SBescelonece eeoseed eOGone l second eeseee From Y Cas 
three qua 
the way 


Cygni. 
18 1] 12 p.m. Ibid eeeecesecesseos = 3rd mag.# COO oesl, seceecoeneeeesene 0°5 second eee Began at 4 
sei, 97 Tai 
1811 14 p.m.|[bid...... seecesees == 6 Lyre .sos00..-(Orange 00---{1°6 second .../From % Cas 
to r Cygn 


18/11 27 p-m.|[bid ....c.e.seeee. =2nd mag.* ...... soeseses seoessseoe(L°2 second ...i|Cemtre of | 
L Camelo 
18 ll 50 p.m. Ibid coe coe ese nvenuu = 2nd mag.* COOers converse eseGoenses 0°8 second een From 4 (P C 


i, Pol 
; (@ 2) 
inoris. 


0°8 second ...|From 1° N 
Persei to ; 

Camelopa 

4° further 

18/11 58 p.m.jMid ....ccccesessee| = MOPS ccosseceeeee/ Ble,  with!1°5 second ... From, 4 (2. 
& Musce) 


short red 
tail. (», «) 4 
medz. 


18/11 52 p.m.|[bid ......sccceceee{ = 20d mag.# ......1, ne snscseseeeceees 


19 0 2 a.m. tbid SPCedeacesdenee =2nd mag.# ecccdeleeseovnestesvescese 0-6 second eee From 23° S 
Muscetos/ 
19 0 . 7 a.m. Ibid eeseseoceesannes = 3rd mag. essences eFeoeng eaeePuvesecse 0°6 second ese From # to j 


19) 0 14 a.m. |Tbid .........000...==2nd Mag.# ......1... sescoveseeeess/0°4 second ...\Began 2° S.¢ 
| ~ | 
Disappeared 
the S.S.W 
rizon. 


19 About 8 Malton....ccccocse Large as a rocket... Blaish white... Slow speed ‘ees 
p.m. 
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| Direction ; noting also | 

wxxe; Train, ifany,! Length of | whether lorizontal 

ud ts Daration. Path. Perpendicular, or Remarks. Observer. 
Inclined. 


aan oa the whol 40° Beacegece Radiant, vy Orionis SOCocel eve eHeesvecccvanssseasOSeegsce A. Ss. Herschel. 
igh dl ds path for 2} 
cond, 


tnd tris on the30° ......... Radiant, » Orionis ......,The course appeared Id. 
wie kesth of its path bent at B Urse Mi- 
2} seconds, noris. 


brea for 12 second. 25° .......00| Radiant, » Orionia ....00|...ssccssccessceesscceseserees (Ge 


te whole 
me le Heng 


vn sssssaecesscces,{1O® souseeoee| Directed from the Plei-|....,.4.. 
ades. Radiant, » Ori- 
onis, 

wakcaay meteor. ec avcacecsceesee eeeseovescenccce OP veeeseccecasicns he @ 


cele eeSetecccencne! "OFFS COS ebenaeedeesanegreers ieee 


25° ....50...| Radiant, » Orionis ......1... 


] baad tL TEP LLY TT) eee 


aetna CTTLTT TTT Ee PTET TS en Directed from n Tauri. eae eeoooccnneseteos OHeeesnagere Id. 
Radiant, » Orionis. | 
t bright yellow!38° ......-0-|Radiaut, » Orionis ......|-ccccssesssrceessrseersesseers Id. 
@ o the whole 
¥ ef its course fo: 
eG 


ttn for 1 second...112° .........| Directed from B Aurignt.|..........ssssccsreeererees ooo Tale 
Radiant, » Orionis. 
ene whole 14° seoeneese Radiant, y Orionis eencoelescees Codenceseeneconeceeses eee 
ite 


he? 


(tain for 2 13° POT TTT TT Radiant, y Orionis eccate [MAP vesecccccccasceneeeeegenees Id. 


Radiant, » Orionis ......]-.-ssseeeeeee voc ceeecccesecee: Id. 


weet Peete veececees 8°... ccccesces Radiant, v Orionis CORSE SOS eoedancaesORneoenneesersese Id. 
sw eohecelecenesscces 12° anvessace Radiant, v Orionis pescee|orse PYY TY ITV L IIe eones Id. 


tn brin on the'8°.........0.|Directed from (9) v)|--scssesresseeessresrsacerees Id. 
ett Path Pervel. Radiant, » 

rionis. 
ctemely “bright | ..secccccceee(NeN-E. to 8.S.W. ......[Adark night,illuminated 
ven tteak for all objects sufficiently 
‘ss, to recognize them. 


pi, 


‘The Times.’ 
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} 
PI of ! Position 
Date. Hour. Observation. | Appareat Size. - Colour. | Durston. | Albtede 
° " imut 
eat. hom 
Oct. 1911 28 p.m.:Hawkburse =Ist mags ...... Yellowish ‘1-3 second ... From 3° § 
| (Kent). white. | Teori, 3 
, way to 4 
| | Anietis. 
1911 43 a scccccccseseers =2nd mag.# ...... Bright white. 1-2 secend ... Began at 3 
| 20 8 8 p.m. IDdId ...006...cccce-[ = OFA MESH o.00.. | White ......... 12 second ... Daseppearet 
um. 
20 8 10 p.m. Ibid .........000..-|=3Fd Mag-# ...... White .........'1 seeamd ......:From 7 to j 
| | | | | Equulei 
20 8 30 p.m. Ibid......... oeeeee =3rd mag.# ...... White ......... los second ... At L Camel 
I 1 j 
20 9 16 p-in. ibid OOPoeetecoenece =2nd mag.# eeeeve Bright white...'0™4 second oe At 4 (o é 
1 Conis. 
20 9 34 p.m. Ibid Coe CeO REOOF eee =3rd mag.# eecece Ydlow eeeece 09 second eon From i ( 
| todis, H ( 
pardi) to 
yond C ( 
pardi. 
20, 9 37 p.m. [Ibid ...cccccesecese| == ONG MAR ...00. White ......... 1 second ......j10 B, halfm 
r | F Cerberi 
20 9 39 p-m. Ibid eveccseeseoecete =3rd mag.* eavece Yellow aoesse 0-9 second eae ie a 
pardi) to 
| melopardi 
2210 48 p.m.|Greenwich ....../=Jst mag.#; Dril-/Blue  ...ccsss.[essescseseeceeeaee Across Aldel 
| t. 
246, 7:12 p.m Ibid ....c.0000.006./222nd mages Blue  ..seceeee Rapid motion..'Directed 
bright. horizon ; 
parallel t( 
joining « 
medz 
gasi, ated 
of 20° f 
Pegasi. 
24,916 p.m./Hawkhurat =Srd mag.# ....../White ........./1'2 second .../Began at 
(Kont). oe : 
geal . 
a4, 0 26 p.m. Wid ees arsceccsene = 3rd mag.# eotone Bright white... 18 second eae From e 
to 
| + (Hi, 
w Aquarii 
a D 40 p.m. JUDid ...ccccccoeenee/ SSN MACH 2... White ........./0°7 second ... Disappears 
ridani. 
2410 BR pr did scrccesceees =Srd mag.e ...... White ....200./0°8 second .../From  ¢ 
to 4° be 
Equulei. 
ui 10 40) ptt. Ihya Crenseageveces = 3rd mag.# eneeces White CESCoacee 12 second ees From A Bnd 
onis 
Hh i 0 jr. Ra. Thid FOROOO Panceenes =2nd mag.# @ncces White enotorcce 14 second eee From ; (3 
; ? Pew’? 
y Feges: 
Womede) 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS, 756 


| Direction ; noting also 
‘Ppemrance ; Train, if an whether Horizontal 
ys Path. Perpendicular, or ? Remarks. Observe 
Inclined. 


C~ we, Mtreak the whole From Radiant, » Orionis|........-ssesessssseeseelAs Se Herse 
. ds. 


wn come coecaccoeaccceeces .|Directed towards « An-|No other shooting-star|[d, 
dromedz. in 45 minutes. 
mm ©. ccccecssce- Directed from 6 Arietis)............ccccccssecssecsees Id. 


nceeceemcencceeefoe® a[eaceceseees eo vencecececscecees Another followed thejjq, 
™ same path on the 
23rd. 


me a petch of light fo 1@ .ccccccccces Nearly stationary SecSHelOHSsesesesaagsesoassenecses CGees Id. 


—e, 


ecovencs[StQtiONALy ...ccsseccecees|eoeccccceees eecccecsasceees old. 


Pee sOEvercsORanceces eecceets Id. 


os weeoeeneecene 
mecereeseoanc se SOSH SSESSSSOO 7oeee 


N. to S., horizontal ...i/Cloudy sky. The posi-|W. C. Nast 
tion could not be de- 
finitely determined. 


SCOPES CeO AHEOHEHESCS DO SOEESE Se geeeeecrasecBORSOOSHteccoen Gee Id. 


oe Directed from 3 (#Cygni eecvee CMe rcecereceeSersecence A. 8. Herac 
to « Lyre). 


= 
ewscegeene ses ESOSOenaee ee 


Oo]e ec ees eee eeeeneesslOeneerecens COSeoeeeevesecesasecssecene ue Id. 


eenese Directed from Aldebaran saccceeeeseseccecssceoesssoes Id. 


VPASSCHSSHSOEHFHETSSEAOHEHE HEELS SEHEOECHSSOSSSHS CHSSCHOCSOR ODEs Id. 


a Streak ou all i eveacse CooeHocalrcoreceonccceseoerseseenenerserte Onerecccsece Geeweversecsecces Id. 


@2 
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| | Place of Foster 
_Date.| Hour. Observation, | Apparent Size. Colour. Duration. Altitude : 
| 
{ 1864.;h m 
‘Oct. 30} 7 7 p.m. Tunbridge(Kent),=Mara  ....0..000. Same colour as 
| Mars. 
3111 0 p.m. Hawkhurst =3rd mag.# ...... White .....000. 
. (Kent) 
Nov. 1} 2 5 a.m.jtbid.......... eoe..( = ST MOG.H cece. White ......... 
1) 2 14 a.m.|[bid ..........0008 =3rd mag.« ......|White .........0°7 second ... 
yo 
1] 2.17 a.m.'Ibid ...,.........5. =3rd mag.# ...... White .........,0°8 second .../To B, halfwa 
© Tauri. 
1) 2 32 am.|Ibid ............6- =3rd mag.t ....6 White .........0°4 second .../From 9 to » 
norum. 
4) 0 15 a.m.|[bid ............00 = 3rd mag.* ......|White .........(0°8 second .../From T tor! 
4,017 a.m.|[bid ..........c000 =3rd mag.t ...... Yellow ......|0°9 second .../From ¢ 
Minoris ta 
Leonis MM 
g Leonis) 
4| 0 40 a.m.jIbid....... sevenees =3rd mag.e ..,....|Yellow........-(0°6 second .../From « to! 
cium, and | 
4 0 47 &m, Ibid aeceee eeeese eee =3rd mag.# O6sees White seencenes 0-9 second ry yy From Uni 
noris to N 
4) 0 58 a.m.|Ibid............../==3rd mage ...... White ......... 08 second ...jFrom f |! 
Leonis Mi 
and half 3 
4)1 0 amiibid............ veel=Srd mag.# ......,White ......00 0°6 second ...|From 0 1 
| to & Una 
joris. 
4) 3 O a.m.iIbid............... =3rd mag.* ......)Yellow  ...... 1-2 second:.../From D 
. Majoris ¢ 
(o Urse 
joris, A 
conis). 
4) 3 6 am, [bid .............;=3ru mag* ......| White ........ 0:5 second ...|/From & to F 
Minons. 
4} 8 10 p.m.|Ibid............ 1«.(=4th mag.a and |Yellow.........(0°5 second ...[From $ Valp 
=5th mag.« to p Aquilz 
a | 
4| 8 28 p.m.|Ibid............... =3rd mag.* ...... White .....00 0°6 second ...|From ¢ to ! 
pecale. 
4 9 16 p.m. [bid eareeseecese eee =3rd mag.* aeates White codses see 13 second eve From + (%, p, 
scium to 
Pisciam, 7 
; gai). 
9 40 p.m. Ibid COC no oececeeosose =3rd mag. eeoves White e0enestes l second eoesee From 26 tos 
conis. 
246 am.l[bid......scse00e{=Srd mage .ce.|White ......00(07 second ...{Prom ¢ to #1 


4 
7 
7| 2 49 a.m. Ibid ........ccc000./= 20d mag. ...... 
7 


White @ecesenes 0°8 second eee From g Lynct 
Geminoru®. 


253 am,|[bid .......0.s0ss¢|=2nd mag. ....0.| White .......+.{1'3 second ...|From + (« F) 
miporum ! 


cr. 
7/313 am.|[bid .......c+-/= 1st mag. ......[Yellow, then|l second ......3° below 4 Hs 
red ° 


SE ee ee el 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 


i Lencth of Direction ; noting also 

parance; Train, if any net of | whether Horizontal, 

uad its Duration. , ath. Perpensiicular, or Remarks. 
Inclined. 


Observer. 


a train on the whole/?5° ......... Downwards _towards!...... coccccccccecccseneseoes./ Ls CFumplen. 


lncth of its path. S.S.E. horizon. 


sme sevssnesencaccconccsvcccoe OD sescccescces Directed from Orion ...'From Radiant, = Persei..|A. S. Herschel. 


Wer Lees eseeeeeh SSS a OS SSS SOHHOLSOHSETSSOSHOH Ser ioseseoacsegeeOFooseaeveeseeses From Radiant, g Persei.. Id. 


su ssnescsvsngrecevevscocwoo|sscsccccncsccsclessencccctetccceccceceeoscess. (Krom Radiant, & Lyncis.|Id. 


Cape eceens cooeeFOSeeseseeeeece sacesecescesees SoD eceeeeneeneseeeeeeess CObeee From Radiant, g Persei.. {d. 


sneunssasusccescossvecsacecce[ecosccosscess-(ETOM Radiant, & Persei..'In one hour six metcors;i{d. 


clear sky. 


4t.wak for 3 seconds|....... ccccceceloece ecccccccccccccs eseccceee (From Radiant, & Leonis|{d. 


COtOr "mm eeseSSeVOSOSSSER ESS SOS ESESRH LOOSE 0 SOEOSOAECESTSECOCOSCOHCEHHHEOEEE From Radiant, 3 Persei.. Id. 


sass sssssesvasecconspencccfescoesececccceslsserssssccsesscessssceecesseoe(ErOm Radiant, & Persei../Id. 
Bore .-crsvocecooecoreeeseascec|sseeeeses eCoseoclosessosese® SOs eeeSCoebeosecce oe From Radiant, h Lyncis Id. 


PUTT YI TIS OTIC From Radiant, gE Persei.. Id. 


bn -sstsssstttssssesesscerscefecessscceceeee-(From Radiant, & Persei..|[n one hour ninel[d. 
meteors; clear sky. 


emTITIST ITIL TTL TTT) PTTT TT TTT IL Pitt rr) From Radiant, gE Persei.. Id. 


mee Iverery TT yyy PPP Pre Py Perey rr rt TTP eT ITIP ITIP T iri rir riririrrirrrryyyvrririvrrrrirrrri rr tt Id. 


MW meteors simulta-|....s.c00scses-[eceeseees seneseseveseses sess+s|Coextensive and parallellld. 
~~ one degree Aight 


b 72a or sparks SOncerecefoceces Soe bedevelscscoce CVSTeLoencesedseseresertcoen Caerccece Cveceeecccvncecece Id. 
lanyeared suddenly Secleoocecovgsceser|sasceccen® COC C800 coe TeROOF OOS DUseeenereerensoogseCeeelOSEns Id. 


~ 


“ssseeessacnenscocseces nec |scacceceooecess|soecees soececcccccescococcess In one hour five meteors; [d. 


Rein oy CO ceveselocccesseconsenseanceesesse Oech ecccovrsccvsen eveneevevsccens Id. 
hoa anata eocolecsece 


COeROGOateTESCCEeEe SHOSHSSSSelesteesSOSSSSOSSHsHusSeeeF seeds SOSSHPEHSCHOHHSSSCESH SABES HR OREDS Id. 


[Po stestessosscrseceesceces PTT TTITITITILT CITT TITTLE Id. 


Peta o parks ssseceses{occsscscesevec{StQlONary ...c00eee..---|Appeared to oscillate .../Id. 


one om | oft, | apres sae | come, | owen | Sai 

Date. our. . - titude an 

i | ; Azimuth 

Nov. 7) 3 36 a.m. Hawkhurst l=3rd mag ...... White ....... .-,0°4 second ...|/From ¢ Leonis 
| : (Kent). ! | | Virginis 

7.345 am. Ibid............... =3rd mag.# ...... White ......... 0-5 second ... From #Leonis, 
| | ; | | way to « Hy 

7 350 am. Ibid............... = Ist mag.* ...... White ......... 0-5 second ...|From e Lyncis 
| | (57 Telescop 
| Aurigz). 

8| 2 20 am. Ibid ...............|=3rd mag-* ......, White ...... ---0°4 second ...{[From o Li 

Minoris tc 

Urse Me 
| and half a 
again. 

8 2 32 B.D. [DE woo ccccoccocses ==s3rd mag.% eeeene White Seteceoses 0°5 second eee From é Unse 
noris to }( 
Cephei. 

8, 251 am.[bid....... eeeeeese =Srd mag.¢ ...... White ......... 0-4 second ...|\From Bi to q 
melopardi. 

{ 

910 23 p.m.|Greenwich ...... == Ist mag; bril-/Bluish white...|...........csc0 Kell in N. 
iant. from altitud 
to about alt 
| 10° ; point 

appearance 
pendicularly 
low y Draco 
11 5 26 pm.jRhodez fs seseesesssneeee sseovese| White, red, ‘3 or 4 seconds|Passed 25° ¥ 
(S. France), and blue. the zenith. 
| Dep. Aveiron 
11) 5 35 p.m.|West Peckham,|=to Venas .........'Colourless ...|Deliberate [Disappeared — 
Maidstone speed. above the § 
(Kent). BE. horizon. | 
11] 5 35 p.m.|Pamiers Very brilliant me-|........-....cs00 Moderate 20° above the 
(S. France), | teor. speed. horizon. 
Dep. Ariége. | 
11'About sun-|\Chambon Larger than fulll........... oeccecs 3 seconds......|/Passed over the 
set. (France), moon. ley from W.t 
Dep. Creuse. | to S.S.WV 
11} 5 35 p.m.'Hawkhurst 2x Venus............ Green ......00- 5 or 6 seconds|From « Ceti | 
(Kent). Piscis Aust 
| 
13,12 0 a.m. S.S. 6 Ellora,’ o ooecacccs @enene OOO r ccc relsccers Beene enePege COReratOOeureneses Peer 
to Malta. | | 
| | 4 0 a.m. | 
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Direction; noting also 


ppearuce; Train,if any,| Length of | whether Horizontal, 
sc its Duration. Path. Perpendicular, or Remarks. Observer. 
Inclined. ° 
o sem ccgcegesseesetOsossons SOSSHOSHOHLA HHS SISHESSCOHE SSS SHEE EH EHHSHDO PHA SISF SOROS HC CCE SOOSRERHC OSE SDESOS A. 8. Herschel. 
lei 2 saeak for 2 seconds Ssesseseeesagoecolis®e©eceeceasseeeeanaceteeseseeny Besoc [PPS HSOSSOSCSSSenvsIeSgeennettGaneaers Id. 
23 pezemk for 24 s€C8...|.......cccecscslocctosccccccssseccrscocecerees In one hour sevenid., 
meteors; clear sky, 
. froaty. 
he Tun or sparks Coeeseenelscasedn esevnace CPHOSSHSCHEHHTSOSESEHREESUSOOCHBeeoesneisee S@Geteenece eeeetoecnssces eee Id. 
he tua or sparks COC cece celecvcescoses ecevlccccevcescaseces yerrerriiry) Seale ne teessoovecencccerecan ceeese LG 
Brwis wreerance .......00|....« sevccccscclescessess sevccnscescecescecees In 45 minutes _ sixi[d. 
meteors. Sky foggy. 
| Overcast on succeed- 
ing days. 
> stwecesceccscesnconees ILO” copecocec|tceeccccececcnsceccccecosccnes|teees oevecceccccascenccccacoes W.C. Nash. 


ba ursight, linear, daz-/70° or 80°...|Nearly from N. to S. ...|Eclipsed the moonlight.|M. Boissy 


Lig white, Soon it Seen also at Blaye/ (Comptes 
t arzed and diminish. and at Perigueux. Rendus, vol. 
© 2 brilliancy. At lix. No. 20). 


te ead of 5 minutes 
‘i mained ag @ some- 


tapering train 4° or|15° ......... Nearly horizontal ......|The tail was almost as/E. Jones. 

fA, brilliant as the meteor. 

la Siepated globe ; SEPa-|..........-2006 E. to W., horizontal .../Cloudless sky. No de-|Abbé Sans (Les 
ied into portions and tonation. Train of| Mondes). 
“peared suddenly ; the same appearance . 
is long train on its as the meteor; re- 

Mite course, mained visible four 

Lin ' F minutes. ° 

9 elon- eoeSeboeeessete N. to Ss. COR eserneOOtseccanes{*ee» SeFOMeCo nesses Eeeneseseosas i Cosmos ° 

fad behind with dif. Lesrip (Goamon) 

ii light, 

"© Upering train for|12° ......... Directed from Capella...|Seen in twilight ...,.....[/A. 8. Herschel 
 Meonds of the and H. T. lum- 

| vine as the phreys. 


" " “ustearsensersessessosssloosseeeecsssccs|soeseerescotscsecscessosececns| Grand display of meteors|Communicated 
all through the watch.| byA.S. Herschel. 
None on the morning 
, of the lith. (See Ap- 
| pendix IT. 2.) 


— | 


ete ee re eS OE Re eR: GOORIN conics 
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| D H Place of | Apparent Size. | concer. | D Attitude 
ate. our. | , i . aration. titude 
| 1864. h m | 
Nov.13.11 27 p.m.|Hawkhorst =2pd mag.z ....... White ......... 1 second ......\From 8 / 
| (Kent). halfway 
| Draconis. 
13.11 41 p.m. Ibid .............../ ist Mag.#......0.. White ......... 4eeconds ... From 55 
| to 4 (7, | 
; gasi: 
14, 0 0 to Trafa' r Square’ ......000s. Sennsecee Poe *eee00e OSlSSeneseos ‘2 eseeseoseoesee Oo se FOFHSSaeseasesy! 
1215 am! (London). | | | 
20 8 40 p.m. Leamington i Brilliant meteor ...'Green ......... A few seconds'In the N.E. 
| (Warwickshire).| 
20 8 50 p.m.,Beeston Obser.'Larger than the Blue .........:2 S€CONGS......]..ccccceoseesees 
vatory. | moon. 
26; 8 55 p.m. Motpeny ILarge meteor secsl it first red ;}...ccccesceseeeee. Almost fro 
Cheshire).; then dazzling) zenith, 
bluish white. downward 
the N.E. ti 
about 45°. 
20: 8 55 p.m./Hallaton, jAs bright as the Blu‘sh white..|.......cecccs-..0- Appeared fir 
Uppingham sun. the horiz 
(Ratland). the N.B. 
travelling 
ward, 
at 
titude of 
60°. 


mo 8 57 p.m. ;| Weston - super -: Half the size of the, Vari-coloured;|Moved slowly, From R.A. 


lare. moon ; light like| head orange.| about 3secs.| N. Decl. 4 
| lightning. R.A. 158! 

Decl. 50°. 
20A few mi-|Manchester......!Vivid meteor .......Blue .........|A few seconds From near ( 
nutes be- to near Ma 

' fore 9 p.m. 

20 9 O p.m. Laton (Oxon) ...|Splendid meteor.../Blue and = |..............005. Fell to the N. 
orange. BE. horizon. 


20 About 9p.m.|Headingley ......|A ball of fire ......[Blae  ....00.. -|Very brief ...|The flash spp 
| to come fro 
W. 
2010 0 to |Hawkhurst Six small meteors)..............0s0-[esoeee wacceercnceelecececeesceseeste! 
| 12pm. | (Kent). in two hours. 
zon 1 p.m. Ibid .......0..00...| =3rd mag.@ ....../ White ......... 1 second ......!Disappeared 


22 6 20 p.m. tbid........... ... = 2nd mag.# ...... Orange ....../1°3 second .../From « Tauri 


Psal 
Less than 1 |In N.; pow 


22, 9 17 p.m.'Greenwich ...,..|=2nd mag.e ....../Blue a 
| second. a pearance 


abore’ Urea 


2211 20 p.m.‘ Weston - super -, = 2nd MAG.© ...0..|BlUC — ...csccce ceccesscccecscccee(¥ FOU R.A. 20 
Mare. 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 88 


Direction; noting also 
ace; Train, if any, Length of | whether Horizontal, 


rs: its Duration. Path. Perpendicular, or Remarks. Observer. 
Inclined. 
WIS CF SPAKE 22. -ccse{recrecnsrsereveleccccroccercescsecseecscscsces|From Radiant (R,) ...... A. S. Herschel 


mis brightened st apse sessseses|W. to E.y nearly per-(Clear evening. Three|S. H. Miller. 


ee che disappearance pendicularly down. 2nd mag. meteors and 

| de head, and ran 9 smaller from Cassio- 

4 peia, through Perseus. 

Bmore « ee SSSCSHSCETSSSSHTHHHSHEHSHREHEHSSE ESD SeeoFESegesssseoessaguasenessce Ww. H. Wood. 
bam tr 1 second|............. seleccccescsevecsercccesoes veeee-(Prom Radiant, £ Leonis|A. S. Herschel. 
bes bead POCO e coenecccrsenee eeolccevcen Pceenesecccesaneeees eee From Radiant, KG ene Id. 


rere eesescenssoeeeees oO eeeeSeGesesee suattssesevasenseceaesesesene From Radiant, D eonece Id. 


ban s+-scecesesencnecsecece COO e se oe HOOESOcceleroresesesesuoe Ooeerecaesecvnecs From Radiant, Ais erceon Id. 
pretenses veeccecenesccec|*@esscraceees coseceserscees ..|From Radiant, A,, .....- Id. 
“e sree occ eh Sel Saeveses eee doavnoconrescspeasess ""|From Radiant, K G.. cone Jd. 


cecssseseess{From Radiant, D ......j[n one hour sixteen me-i[d. 
teors; clear sky. 


Ces ecco Son SO SFdePOSece sees PH ace nsegesuse From Radiant, K G gee Td. 
aleseces eoccegecrececnsccnce @one From Radiant, KG ate Id. 


Read. 


. - seeeeeeeeeiFrom Radiant, D ......:[n one hour fifteen me-|Id, 
teors; clear sky. 
18 are rocket bura-:30° ..... +o2.{SeW. to N.B. Perfectly No report heard .........jM. Tissot (‘ Les 
Rey slowly, | horizontal. Mondes,’ 1864, 
Dec. 8), 
hs Meketlike train'50° ....ccess|esccessccessecssnseeseanecses The stream of light grew|§. H. Mitler. 
2} ¥eonds, | brighter asthe meteor] |. 
advanced. 
Prams sone, ak Lr Directed from @ Persei/From Radiant, KG .../A. S, Herschel. 


Rerectee eee 


eoeesearece|steeccese Cepeeacee oaeeeeseeene From Radiant, Ai. peeves Id. 


teors; clear sky. 


— sescoccereeseo(From Radiant, A,, ......|Im one hour seven me-[d. 
co ew ehans cece ses en POSE OOe OeOROE OR eDaeesmosdeOeen From Radiant, Aig: 2000 Id. 


seclecovcoesessccee{FFOm Radiant, R, ...... tn one hour nine me-Id, 


teors; clear sky. 


-Tre 


84 REPORT—1865. 
Place of Positio 
Date.; Hour. Observation. Apparent Size. Colour. Duration. Altitnd 
1864.; hm s 
Nov.29 11 37 30 Euston Road =4th mMag.& eenses Bluish wosceseeelV. 
p.m. Observatory. 


9111 51 p.m. |Ibid ............05 
0,0 25 am.|Ibid....... secseses 


=4th mag.# 


= Sirius ..... 


oeneees Bluish PTT TTT TT |e 


seasons White ..cccccs.|--ccececcevcsene 


30,1 6 am./Hawkhurst = 3rd mag.# ..+.../ White .....060 
(Kent). 
30} 1 23 a.m.'Ibid .0....-00.e005.| = ord Mag.e ......|White ......... 
30, 1 39 wm {bia ceeccecesenes ..|=3rd mag.* ...... White ......... 
30| 2 5 a.m.'Ibid.............;==2nd mag.# ......|White ..... sess 
30) 9 52 p.m./Weston - super -|= Ist mag.# ....../Blue — ....+00. 
Mare. 
Dec. 1; 5 58 p.m./Hawkhurst = 3rd mag.* ....../White ......... 
(Kent). 
2) 0 40 a.m.|[bid ...cocccscocene| OFA MAG. .0500., White ........./0° 
21113 a.m.'Ibid .......,.0000../5= 200 Mag.* ...... White ......... . 
2} 119 am.Ibid ...........006. 3rd mag.# ...0..| White ......... 
2} 1 36 a.m. |Tbid oo.......c00e: =<3rd mag.# ......|White ......... 
2 ] 4l a.m. Ibid COEF CEsarenteE = 3rd mag. eeneece White peccceses|U 
Leonis). 
2,6 8 p.m.|Ibid .......csesce0 = 2nd mag.* ......|White ......../ second ......|From 4 ( 
noriam 
dromedx 
3| 3 30 a.m. Ibid....... vseeeee. (ize Of full moon.../Nucleuswhite,|1 or 2 seconds Overhead .. 


4; 2 O am.|Taranaki (NewjAs large as the sun). 


(local time).| Zealand). 


4) 6 56 p.m.'Paris  ....cc.ese0. 


5110 45 p.m./Hawkharst 
(Kent). 


As large 88 AMN)....scsccseseneees 


orange. 


= 3rd mag. 


tail red. 


PROCESS HHH E LORS ecesossseseFeneers eensogennecens 


4 seconds......;Began 0 
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| f Direction ; noting also 
wnt; Train, if any, Length of | whether Horizontal, 
usd ics Daration. Path. Perpendicalar, or Remarks. Observer. 
Inclined. 
be visi length Of! ...ccccccccoces MO SSOOOTESEO SH DODD ORT SECECE HEH ococeeaseBacaesOGoesenenvnerers ee T. Crumplen. 
tc whole length of 10° ...... .».|Fowards m Monocerotis|Two others from same'ld. 
| Radiant in 10 minutes. 
leat: ket no train ...!.... soeee senses Directed from 2 Leonis |Meteors very plentiful..,|Id. ° 
eso AG oc ceseeHOEOCRCOS 220 eceseveseeeos *ee® SOCooresntoeesTseneasgggene From Radiant, KG...... A. S. Herschel. 


wes crnsmesscavescccece{ececccccecccven|cecrescecosssosvescssccscssees(FFOM Radiant, L H.,..../Id. 


ba sek Sr 2 seconds wececese Pere CAE erry) From Radiant, LH... Id. 


Minune nnssseseseeversectsees .|From Radiant, LH......{[n one hour fourteeniId. . 
meteors; clear esky. . 
Bt ctersersenoewessen|secccccescessenl ee? POeerocecrsrereesOSOSOOsen|® ts eesercere seeccesenacee @epes W H. Wood | 
bmnstesssseensessesecsisecessccsccsons(e fom Radiant, K g...... In thirty minutes fourjA. S. Herschel 
meteors ; clear sky. 
COemoesSeeseacays® ***e*eeeensee CoastOtesevene ..{From Radiant, K G. evesve [d. 
sesseeses “f secccccvecccccn|t@0eeaeeteresecceveces ..|From Radiant, LH......jId. 
ae ; Directed from g Came-|From Radiant, K G....../[d. 
lopardi. 
po > -8ttresceseegcee coalesce COGOscnesoeesier® eercnccce See pegecene Cosson From Radiant, D, .reccene Id. 


Pwstinscsseessscsece|ceceseccescees-(FFODD Radiant, K G......j{a one hour fifteen me-Id. 


teors; clear sky. 


Slated oy an seleccesecens ssacceveccereceeeee(¥tom Radiant, KG...... 
Cane for 2 sees. 


Id. 


Ml tke a Gish. ‘The’ ‘30° or 40°..|From E. to W.  ........./Foggy and dark morning|Communicated 


K tale all byA.S. Herschel. 

Tisible, 

tee “el in the BER ..cccccvccccce|scececscesscdecseesecees ees...(Detonated with a report/Vienna Acad., 

Btls from land : ual to a hundred| ‘ Sitzungsbe- 
; eq ge 

wc iell at Toraking, cannons. Seen also| richt,’ 1865, 


at Wanganua, eighty June 30. 
miles from Taranaki. 
Stain of many 30° ...0c000/S:SeB. to N.N.We cooss[rcccctstsccssrscscssreseeseee | Me  Lartigues 
(Comptes 


Rendus). 


eet ses Creemneceee we ccc cesseeaesens SeenaeseDHeseneeerenersouccers From Radiant, Davecseres A. 8. Herschel. 
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Place of | , Positior 
Date.! Hour. | Observation. | Apparent Size. : Colour. Duration. Altitude 
B64.' h | | 
1864. ' m § 
Dee. 511 0 p.m. Hawkhorst = 2nd mag.e ......\White, then 1-6 second ...iFrom § Ai 
(Kent). i rane. | é Cassiop 
S11) 6 p.m. Ibid ............... '=3rd mag.s ...... wns vessesee 0-5 second. ‘Began. 
| urige. 
511 13 pam. ceceeesecccesce! =3rd mag.# ...... White ......... 10-6 second es $ to 
I conis, 
31119 p.m. Ibid ............... =3rd mag.e ...... ‘White ......... 10-6 second (From ‘ 
elr 
| | J joris. 
511 30 pam. bid ssscesceoresese = 3rd mag.« voor White vsseeeess 6 second Prom i s 
nige to 
311 36 po. Ibid ............... =3rd mag.# ......'White ......... 6 second ....From } (; 
‘ _ lopardi, 
Majoris) 
way to) 
| lo 
5 ll 39 p.m. Ibid COeceeccocaczes = 3rd mag. coreee| White Ceesecees! 6 second e Tot 
joris, 
way fre 
| Lyncis. 
8 9 49 p.m. Wisbech (Cam-|=Mars ............ Orange 2 seconds...... From } 
| bridgeshire) | Honoee 
| | dani. 
$10 17 p.m.' Manchester ...... = Ist MAGE 3 WETY’..-2cc...ceoeeees. sDout 4 sece...Near the 
y t. rsa Ma 
9,3 45 am.|[bid............... Brilliant meteor ...!...... wecceccscces About 2 seca...!In the N.E. 
! ' 
9 3 50 am. Hawkhurst [Sx Veans. ocececceens White, then!1-2 second ° re 
Kent). | pure green. to 3 (0 
| ( ) g Lacert) 
’ 430 am iIbid.............0. = 2nd mage ...... ‘White ......... los second ... aty 
* 431 am/[bid............... = 3rd mag.s on i ae second ... From a Le 
J ° 
9: 5 42 p.m..Greenwich vs fentnd mage neccee e white... Rapid ......... Across Ly 
| Aq 
99 7 pm. Pari ... Small, but very!ssssencecose-c-eee ‘Lemnthan see. Centre ! 
! brijlian disk H | ¥18) 
| | | . above #! 
| zon, 61 
S. 
13: 0.17 am!Manchester......'Exhibiting a well-'Bluish white...About 2 eece.iFrom th 
i defined disk. 
: ; | ebain te 
between 
{ dromeds 
1 1865." , 1 Cygni. 
Jan. 1 © 330 Greenwich ...... ‘=2nd mag.e; Bluish white .. .............000. From the | 
| am, bright. | of 8 Gee 
1 se 
° 9 and « 
11017 pm Hawkhurst 2M ooo... White, then 2 secs., slower,From 5 | 
. (Kent). orange red. at last. Majo rs, 


ype ences 
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'| Direction ; noting also 


pansee; Train, ifany,; Length of | whether Horizontal 

a its Duration. Path. Pp. erpen dicular, or , Remarks. Observer. 

Inclined. 
Ba strerk on all its|......ccccccees|.cccsce cnccesccsscceces eeceece From Radiant, D......... A. 8. Herschel. 
wecve for 13 second. 
wn messsvorescorencccgeos 3° .csccccesess Towards 6 Tauri......... From Radiant, D......... Id. 
Dewe .  ceePec co ees ese SS San ens FOO Seaese COPoselesccccacesse Coeeecece TTTETITTET From Radiant, Kg eeotes Id. 
mee eorscven ee eooeve e evces From Radiant, D oseeune eee Id 
mppared saddenly weelttce COCHO GOOF Or) seonsseussasees Ceecssee segsece From Radiant, D....cccees Id 
Ba srk for Balt a--sscsccseserefise secsescsssarsesecseeeees.[Ftom Radiant, D......... Id. 
em, 
th tak for 14 second]..-........-e0+/From Radiant, D ......[[m one hour thirteen|Id. 
meteors; clear sky. 

@2 tus divided into.25° .........IN. to S., horizontal ...|.....c0000008 sesssebecossseees Id. 
or eam, 
Wpeared soddenly Sows FOSSOCCOOT SOOO ocenvesees C8eocevesseeese COD erlecccocnsoecceneeees COOnccveenes J. Webb. 
penesied great Diumi- eee seuesesecen Ofecercceseccsteseseneel Coeosenelesneee Cedeeneres CRokeneseeones ‘Manchester 

eg power, Guardian.’ 
Waa or sparks ....... salesecccnccooes vsleccevoeesees soscansoes seonenes Threw a faint light onjA. S. lMerschel. 
| all objects. 
WOES OF SparkS ...c0000.fLO” rorceeee Directed from e Canesl........... sosecceeseesscesece Id. 

; Venatici. 
Ween or sparks .......c.fe0s ceeeenccescelescses anceccccececs ccseseeees-{Am One hour twenty-one|!d. 

meteors. 

Le heed e ee 20° COeenecucts OBaevece Cueseelsecarces COesesloccces COCOSC ron oereosenes Cees W. C. Nash. 


peng that of Noy.|Very short,|Downwards towards the|A very short view ob-/M. Tissot, ‘ Les 
inclined. | right, 30° from hori-| tained between the| Mondes.’ 
zontal, roofs of houses. 


mu from the head,|40° .........(Perpendicularly down in'Moonlight; much scud'T. Heelis. 
‘rally near disap. N.W. from S.E. 

Peuce. Momentary 

"a on the whol 

ler cf its course. 

bin hd Oeeceosacelccceseoccvectee Inclined Seecceneceece Ceres Partially clear PTELTTETTT TY) W. C. Nash. 
Rin’s increased to an SSSHSCSANS AHEM SHSH ae aGOSeGHFeHSeSSsRFSeceens ss av /FSSSHSSVSeeoSeS set gatsvsgseors A. Ss. Herschel. 
© cated disk and va- 


REPORT—1865. 


Place of Position, © 
| Date.{| Hour Observation. | APparent Size. Colour. Altitude an 
| 1864./ h m s 
(Dec. 5111 O p.m.j/Hawkhurst = 2nd mag. ......|White, From 8 Auri 
(Kent) orange. & Cassiopeia 
511 6 p.m.|Ibid ..........000. =3rd mag.* ......|White ...... Began at 4 ( 
Aurigee. 
S11 13 p.m.ifbid ...........00. = 3rd mag.# ......|White .........j0°6 second .../Prom 5 to £& 
| : conis. 
S11 39 pam.[[bid .........0000-- =3rd mag.e ......|White ..........0°6 second ....\From & L 
to e Urse 
| joris. 
5/11 30 p.m.j[bid ..........6. -o-[ = Ord MAZ.# «.....,| White .........(0°6 second .../From 3 (2, 9) 
| Tigee to E& Px 
511 36 p.m.|Ibid......... sores (2 3rd Mage ......|White .........0°6 second ...\From 3 (¢g C 
lopardi, D 
Majoris), 
way to PC 
lo i. 
5.11 39 pm.|did corccsscceees =Srd mag. ....../White ........./0°6 second ...|To (2, r) 
ajoris, 
way from 
Lyncis. 
8) 9 49 p.m.|Wisbech (Cam-j=Mars ............\Orange colour/2 seconds......\From 3 (é, 
bridgeshire). Monocerotis 
+ (6, ¥) 
i. 
8/10 17 p.m.|Manchester ...... = Tet mag. } VETY]...coccsseceroee.-| sL0Ut 4 8eC8.-.\Near the sta: 
bright. Ursa Major 
9) 3 45 a.m./[Did...........0000- Brilliant meteor ...|...s0--ee.0e..000.,About 2 secs...jIn the N.E. ... 
91 3 50 a.m.|Hawkhurst 3 x Venus.......ce00e White, thenjl-2 second .../Prom % Cassid 
(Kent). pure green. to 3 (e Hor 
; g Lacerte’). 
9) 4 30 am.i[bid................]=2nd mage .,..,,|White ........10°5 second ...|Began at 2 Vir 
9 4 31 a.m. [bid SOeseseasccseas == 3rd mag.* Sttece White weeecoses 0°5 second ee From « Leonis 
Hydre. 
9| 5 42 p.m.|Greenwich ......)=r2nd mag.a ......|Bluish white...|Rapid ......... Across Lyra 
Aquilz. 
9 9 7 p-m. Paris POT TTTTTTi ye Smal), but very CORO DEE EsedeDeOeD Less than } sec. Centre of 
brilliant disk. visible patt 
above the 
zon, 61° E. 
13} 0 17 a.m./Manchester....../Exhibiting a well-|Bluish white...|About 2secs...\From the « 
defined disk. of Cassio; 
chain to mi 
between « 
dromedz s 
1865. Cygni. 
Jan. 1;0 3 30 (Greenwich ......,=2nd mag.#; [Bluish white...'.......ccsccoeus. From the dire 
a.m. bright. of 8B Geminc 
passed bet 
1 and « Le 
110 17 p.m./Hawkhurst = oo. sescesecens.J White,  thenj2 secs., slowerFrom » Mo 
(Kent). orange red.| at last. rotis to {3 | 
Majoris. 
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Seal 


'| Direction ; noting also 


ippearance ; Train, if any, Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or Remarks. Observer. 
Inclined. 
leh a streak on all its|!........cccsseslscscscorseens seocesceueeesees From Radiant, D......... A. 8. Herschel 
coarse for 14 second. 

mrtesereseesasenseseeseasees 3°. cecccevess Towards 8 Tauri......... From Radiant, D......... Id 

L. Oreererccenee: Coo soeneccetOSacsseseeserss COC rer levcccnces Oocentece eecccccesces From Radiant, Kg cectee Id. 

a e . OOOO Re oct eee eceeesocnn Cenceercce Oeesace From Radiant, D pecocsees Id 

Dismppeared suddenly ...|....sesssesesee|..cseesecseces secvecesseneee,[ft0m Radiant, D.........(Id. 

Let a streak for half a Cotcoeoeeetel, ~,esecers @Cenecenee eeoevases From Radiant, D Beorescens Id 


‘wreak for 14 secomd]............+»-/From Radiant, D ......,{m one hour thirteenjId. 
meteors; clear sky. 


atin divided into/25° ........./N. to S., horizontal ...|...csscesss. secscecbeavesseves Id. 
streams. 


bb pomessed great illami-|.....scccccssesfeccsssevescoes eavccccceccccecslecccnce ce cenceccccasvences ....(¢ Manchester 
luting power. Guardian.’ 
fe train or sparks .........1e6 sseeneceees ssleccssesseres sscsovssseeeeeee{Threw a faint light onjA. S. lerschel. 
all objects. 
fo train or sparks .........[10° .....00.. Directed from e Canesi.......... a veccaevecessenscsss Id. 
Venatici. 
bo train oF sparks ......000|sesssessoeeerseleseess oes eneeccees scossseeees-(An One hour twenty-onej!d. 
meteors. 
be train OOceveevecegooousecer 20° COGcaevocsio ORensree POCOOHHHC CEH OOHRS erlecccnD COSCHS or cdccrecaneesetens W. C. Nash. 


/ 


healing that of Nov.|Very short,|\Downwards towards the/A very short view ob-|M. Tissot, ‘ Les 
inclined. | right, 30° from hori-| tained between the Mondes.’ 
zontal. roofs of houses. 


bets from the head,/40° ....... ~-|Perpendicalarly down in|Moonlight; much scud'T. Heelis. 
.W. fro 


‘mn on the whole 
kogth of its course. 


No train ++ CORenc ced eeeeeeeee(scconerecesceas Inclined errryyy Oonseceesaes Partially clear @aececsccace W. C. Nash. 
iradeally increased to an BTA ccccscccesscccelesetevecccascnncnecesensves sale PYTETEITILTIE III LITT TT ity once A. Ss. Herschel. \ 
cloagated disk and va- : 
suddenly; left | 
M streak, 
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Place of . : 
Date. | Hour. Observation. Apparent Size. Colour. Duration. 
1365.;hm | 
Jan. 110 34 p.m.jHawkburst = 3rd mag.# ......' Yellow .......-|2 seconds,..... 
(Kent). 
2) 1 26 a.m.|[ Did ....0c....ceee = 2nd mag.# ...... White ........./0°8 second ... 


2} 1 28 a.m. |[Did ..+.....secese 


Majoris to’ 


yncis. 1 
= 3rd mag.# ....../Dull......00.....0°8 second ....[From 6 Ls 


to + («, f) 
rige. 
211 49 a.m.|[bid ......sceccc00]meStd mag.e ......|White .........0°3 second ...|From M to Qf 
melopardi. 
2 1 54 a.m. [bid seooessSseegees == 3rd mag.# e8@esne White OS8eoaes tes 0°6 second eee Disappeared | 
Cassiopeix. 
4 8 25 to . Ibid esoneee ecsessecleencoaves PY TI RIT TTII IYI EE 2802S Hs OOF 90d 600008 
8 45 p.m. 
6/10 36 p.m.j[bid ........008 coef = SP MAG Me ..000e/XEHOW — o.o0ee 0°8 second ... FrompCameloq 
halfway 
Urse Majo 
6/10 59 p.m.|[bid ............06 = 2nd mag.# ...... White ......0..|0°7 second ...iFrom 4 (« 
. vr Lyncis) 
(8, «) Cancti, 
15/11 54 p.m./Greenwich ....../ == 1st mag.#; Dbril-|......ssseseeereee Less than 1 sec.iFrom a point a! 
liant. degrees fret 
Leonis tow 
« Cancri. Ab 
the moon. 
2018 0 to |Hawkhurst Two small meteors!....c....ccccccscs[occescrsccscccncns seesccesrsonaseees “ 
8 30 p.m. (Kent). | 
22/11 15 p.m.|Weston - super -|Bright ....0.......++6].. seccecccccnsecsclsccescecsesencoess In the E. _..... 


Mare. 
28:11 18 p.m.|/Hawkharst 


= Sirius OeCceeOGene White eceeeeerss 1 second eeeses From 8 to o Lee 


(Kent). 

Feb.10? Evening eee Bangalore, Boe Dee PACH OGarenerereeseleanoee Odcecccesscel® CO ccccccocccescce|teeece COdeccsere oaee 

Mysore 

(S. India). 

10 6 40 p.m. Greenwich eonvee = Mars weegseeosere Blue COGosenceclecseore ccoccccccces XTOM the 7 
midway betw 
Ursa Major ' 
Gemini; fell 
pendiculsrly. 

17, 5 50 p.m./Auteuil (France)|Fireball ..........6-]ccscecsesnsevens Between LandInthe NN. ...- 

2 seconds. 

17/10 4 p.m.|Royal Observa-|=3rd mag.# ......|Blue  .....00../¢ second .,,...'From a point ne 
tory, Green- midway betv 
wich. é and o Dract 

towards « | 
phei. 


4 CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 89 


“| Direction; noting also 

; Train, if any,| Length of | whether Horizontal, 

sad its Duration. Path. Perpendicular, or 
Inclined. | 


Remarks. Observer. 


ha momentary traim ...)..0...sccccrss{occreoscccserserssecsscesceses (A On hour four meteors'A. S. Herschel. 


SVeSseodesclivsavecs POOKRCORReascsese oe 


i; 
a“ 
cde 


-|6°...000......|/Directed from y Cepheii{n thirty minutes fvelta 
meteors. 


Derevccncssc toons. Pdeconccnscege F5etere Coneaser'’, CorOSonees Conevvececassses eee No meteors in twenty Id. 
half moon. 
~ Cetecesacnees Slocccgeenecadeseceseceneeeeenne | ereerse oCencecs Ovevercres sece Id. 


fe | minutes; clear sky; 


No baa or sparks ecccccccclecsccescccossesleceass coccevsccoscssscecsccees(AM thirty minutes two [d. 
meteors; clear sky. 


We train perceived ......000/15° ssessseee sscccccecccecscseccpecesoessse{/Oright moonlight night |W. C. Nash. 


increased ooseccssececterlsscccsccsceecezocsscserscee (OM the 21st, from 8*/A, S. Herschel. 
Ply; disappeared with- to 88 45™ p.m., clear 


ot bursting. sky | no moon; no 
meteors. 
- "toss eaveeavecs Cedecccnces! coceoveseresens COP rePOCeCOBange neces ennesecss/ OSes sesveesesoenesesaesensecs Communicated 


by W. H. Wood. 


lightest st last ; disap- ede cereeeeeadelacces WYTTITITITITITITITITITIVI COI rrr A. s. Herschel. 


fered suddenly, 
wees oseseeeeees ecosevesstoenice #0801080 o 08 0eeneOn ge enesehggnttenes A large meteor fell and Communicated 
burst in the S.8.E./ byA.S. Herschel. 
See a letter from 
angalore, 1865, Feb. 
| 10; Appendix ITI. 3.) 
im rin POC ccavoenecccence 25° O80R cc000 Perpendicular oupeetocgges Moon full, hazy . seeee Oe W. C. Nash. 


$ creak “ @ 8° a TITTY Tit Titty) Horizonte) evcccvceeccoees Apparent motion ; seen Villiers du Ter. 
eet; visible sev: also at Sévres, moving} rage. 
from S. to N., where 
the streak endured 
Btn: ten minutes. 
trig METI TIVITILISPT TM TITTT TY TLL TTT Path curved eovse etCSennoce Faint BUPOTA ceccevcccces W. C. Nash, 
8 Draconis. o Draconis. Arthur Harding. 


Cintas, 


90 


REPORT— 1865. 


Date. Hour. Place of 


1865.;/h m 5 
Feb. 19}10 20 p.m. 


20/10 49 p.m./Hawkhurst 


p.m. 


p-m. 


a.m.| Hawkhurst 


25'10 45 
25111 30 
Mar. 2|'7 10 


17/10 56 
ll 7 


p-m.| Hawkhurst 


p.m.|I 


17/11 12 p.mlTbid ..c0eeccscoeeee 


17 


11 14 p.m.|Ibid .......c000. 


Observation. 


Slongh (Bucks).. 
19/10 40 p.m.|I bid ......cccccces. 
19]10 50 p.m.|Ibid .........00000 


&m. Ibid eeoseeeceseocasen| ~~ 
a.m. Ibid epeevecerneeers 
P-M.|[bid ......cceseenes 


p.m. Ibid Ces ceceerocnnece 
p.m.|Egham (Surrey) 


«| =Srd MAG.H oeeose 


Position, o: 
Altitude and 
Azimuth. 


Apparent Size. Colour. Duration. 


= let mag. ....0.|White .........j1°4 second . 


--|Began at 8 Ce 


=2nd mag.# ......|White ........./1 second ......|From » Aurige 
Z Tauri. 
=2nd mag.« ......|White .........|1 second ....../To  Camelopan 
=2nd mag.# ......|Yellowish ...j1-l second ...|From @ Tara 
halfway to 
Persei. 
= Sirius ,...........(Orange ...-..|2 seconds,.....|From 9 Draco 
to R. A. 313°, 
Decl. 62° 
=3rd mag.# OCP e Os a uessennce CeOeeecnteccacsscsces eeeoce From R. A. 32 
N. Deel. 80°, 
R. A. 327°, 
Decl. 60°. 
Size of full moon.../Same colour|A few seconds From it (Mar 
as the moon. baran) to 
. telgeue 


Size of full moon... Dazzling white|6 or 8 seconds|Began in the 
and disappet 
in the south-# 


quarter. 


White ......... 0°9 second .../To y» Bootis, b 
way from #' 
num Venaticon 

..|From 2 Bootis¢ 

ar Serpentis 
ronz). 

.-.[To a Serpentis 

of the way ft 
Z Bootis. 
_.|From « Urse } 
joris to / Te 
scopii. 
..11O 8 Peonis, b 
way from iC 


oo] White ....0....(0°8 second . 


=3rd mag.# ....../Yellow ....../0°5 second . 


Yellow - sesaes 
White ......... 
White .0....... 
White ........./2 seconds...... 


= 3rd mag.# 0°5 second 


= Ist mag.# 1°3 second 


= Ist mag.#...cce0- 0°6 second . 


= Ist mag.* 


=2nd mag.# ......|White .........10°7 second . 


culis, 
White ........./0°5 second [At « Cephei..... 


a 
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Direction; noting also 
whether Horizontal, 


Appearance; Train, if any 
ud its oration. 


L soeGenesPOtCeeetSSooesevecaeenea 16° sesevecee Direction from ¢ Lyncis esseeetBeuoncece Peosceeseces ease A, Herschel 
L Cerri rerer erry Tier rer To) COCT Oe CeOTORCE!, weeccce ey ier Oe Id. 

ses sssesssauasane ssseerseegesf seeceessceee/Directed from o Urere Lightning frequent injId. 

Majoris. -B. 
- Ore senvccnscne|ooeseecccseseeel,..,,,, ce eccecescesccecesncees In one hour two me-|Id. 
teors; clear sky. 

jp-senes ® oan tee esesevareners), CeO ebenccuscccescsesese COOCCCl ce erecccceceseecesee Obs cecesncce W. H. Wood 
~ Beoeece POCevecrelias COovecen ences weteses asece Bright display of Au-iId. 


FesnoOSaneeSaSSPseeeasess 


the 20th: of March, 
from 85 to 12% p.m. ALB 
t loog tapering and] -.o.ss...ccsceeleescscaseres eéesdecees oceoees.( een also at Innerleithen|A. Brown. 

me . and Walkerburn. 


A vivid light reflected|J. Anderson. 


N.E. to S.W.; _ hori- 
, from the snow. A - 


zontal. 


ir moon from the head. 

Ke point was red, and 
cw of bright 

sparks, sh resembling thunder. 

"The noise lasted two 
minutes, and gradu- 
ally died away. 


& 1 tain on the whol 
tcorse for 1 second. 


CHOOAD etree er onalaracctcecccceneee PE SEIIS ITI Ceri rvi ri irererrrvrereriyy) 


pase $7 0008 amb Oo eegecanee . | 


»-|ooreccccccsescscecseceeresevee(IM One hour eight me- 
teors ; clear sky. 


Dee, "98 leee 


° eo epccecesenescceece 1 otcseesesess 
| 


eee 


— 
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Place of Position, o 
Date.| Hour. Observation. | APparent Size. Colour. Duration. Altitude a 


1865.;h m 38 . 
Mar.17|11 15 p.m.|Hawkhurat =3rd-mag.a ......|White .........|0°6 second ...|From », balfw 


(Kent). ¢ Bootis. 
20' 9 10 p.m. [bid .......0001=Srd mag. ....../Orange ....../1°3 second ...|From 43 (4, 
Leonis to @ 
dre. 
25:10 54 p.m.i[bid ............0.. =2nd mag.« ......|White ...... eee{l second ...+../From A Bootis, 
the way too( 
Venatici. 
30) 1 35 a.m.j[bid......... veoees| == 2NG MAH ...... White ......-..{0°6 second .../From 2° E. 
Serpentis 
Ophiuchi. 
30 ll 12 p-m. Ibid Ceocceccocncace =2nd mag.# evonee White eecoscnes 0°7 second Ladd From 4 (8, 6) 
(8, 4) Urse 
joris. 
Apr. 310 5 a.m. Ibid.............0;=:3rd mag.# ....0.| White ...000...|)'4 second .../From B to {| 
| Draconis. 
8 0 § 30 Ibid CRUE) =3rd mag.t eesese White eeescenes 0-4 second Gee From A, to f 
a.m. culis. 

3] 0 39 a.m./|Ibid....... cosecoee| = 2nd mage ...0.., White .....000 0°5 second .../From 4% (y, 
Cephei to a 
todis. 

7) 2 40 a.m. |[bid .......0....../==Srd mag.# ...0..{ White sor000040'4 second .../From { to x 
conis. 

7 3 4 a.m. Ibid SOCCER eee LeC8 ROE = Ist ma x escces White CCwaeces 0°4 second ryt) Disappeared | 

| Vulpecalz. 

81 9 49 p.m.iGreenwich ......;=2nd mag.# ...... White ....ccccc|cccccsccscceccves Across « Da 
to y Draca 

9} 0 5 a.m./Weston - super -/=1et mag.« ......|Bright white ..'2 seconds......| Began 30° 3 

Mare. the N.N.B. 
20n. 


1Qj)12 30 p.m. |Greenwich ......|....cccscccosoccccconces|***eeeeseveneveees 


CORRS CEE ECH EEE OOD e- ponerse seapaeeree® 


12/9 10 p.m.|Weston - super -|2 Venus ........{Blue ses.e«...'3 seconds......|Frem 8.8.4 
Mare. 40°, tong 


pells. 


15,11 25 p.m.iGreenwich ......|=2nd mag.# ......'Blue  .........,Rapid; less (From the a 
than 1 sec. | of x to? 


Majors. 
1910 13 1 |Hawkburst =3rd mag. ...../Orange.........(1'l second ...|From d Cast 


p.m. (Kent). natici to ¢ 
onis. 
20| 9 58 p.m.:' Brompton = 1st mag.+...,.....(|Bluish white...|0°8 second .../From 1° a 
(London). Virginis tf 
. above 8 
20/10 20 57 |Hawkhurst =3rd mag.# ......\Orange ....../0°5 second ...|From y to * 
p.m. | (Kent). Majoris. 
20:10 21 p.m.|Greenwich .,,...!=1st mag.s........./Blaish white,..|Momentary ... Altitude, > 
azimuth 10 
of that star 
ap 
taneously. | 
20:10 26 45 |Hawkhurst = 1st mag.#.........{| White ..os0000./0°6 second ...{From « 10 | 


p.m. (Kent). | Majoris. 


1 
{ 
( 
—— —— ee ee EN | ANE —ee 
~ — 
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' Direction ; noting also 

Appearance ; Train, ifany,! Length of | whether Horizontal, 

ued its Duration. Path. Perpendicular, or Remarks. 
nclined. 


Lessescesscorsssveocoscoccvcccslesce ecrvccecve|secccetvecccccstececececececcs lk one hour seven me-jA. S. Herschel. 
teora. 

hoe sseeceheene of@ 00808 OOOH SEEl sca BeKSeHSHSSSS | FOVHHS QS SEEKEdsoseOOHsaeeBeeoss In one hour two ree-'Id, 

| teors ; clear sky. 


Dispppeared by degrees... YT TITTY Ye I ITY iriy stoeedecceocerevocccceacescee. Mths 


Mle train oF sparks .....cces|, .cccccccscece ff 


Wins soocseeceeee ones Oe ees PYTTTITI TH POC oeS eed Oe cccced ered ereetonsyenebeuacues Id. 
| PTT TT TTT TT bt #orerleee PYYYTTTET TT TT Tee escececes aoc Id. 
Le Ce OO oT eee er ee Yet th etek CO cesleonce Ooevecrscennccccnse @ecaee Id. 


vemisssvasccasesanecees!scccnnnseoneces|*@eeesaneessenssecacs ecoseeoes I One hour four me-|Id. 
| teors ; clear sky. 


Patria or sparks encccvcecleaccecace eeeces ttre? SCCOSSVSRoTeCESeeeveEscer In thirty minutes one:[d. 
meteor. 


Bitnin.....cescsseee U5? Lo seejreereteencnsececccccseercceseelscesceccensssenesseceens ove. | We H. Wood. 


y 


bn sesstecenesrcenoeeseges es evccscuee eceoece|? SOcecveelsbecenaesece Goteecave A strict watch main- W. C. Nash. 
tained for meteors; 
vows seen. A fine 

right night. 
larshaped ; Maminated’...............[ereeeeres seesvecceaereees ereeelies Coesevecencceceecs soevevee.(COMMunicated 
‘Wobects, Borst with! by W. H. Wood. 
ted tperks, Left a 
Wicht yellow streak. 
bitin Oovecvece etnecccecsce 12° PTT TT TE TT) Gh Coeeearcoressaneerely YT TITVLITICT ITI IST TTT Terr re W. C. Nash. 


lek train for 2 seconds'......... ceoees ee coeccccccecccccccceccceesess|serssenes eeeveceveecccccsceess A. S. Herschel. 


leew of a few Sparks... ..ccccscosels ecvcccccecccccccesecnececeess Well observed; left a 


ai ‘ied oa T. Crumplen. 

uel] ; train ong. 

a eee "| & 
| 


easees SPOSSHSOHSOSCHASHOOSe cages leoeHRtsHsOSS SOS aeslOOngaecyser A. S. Herschel. 


b mndden fash COCR SES Oo ERe oo SeeeCPacaeosneSFosonueslesoosagce W. C. Nash. 


COCHCOHRESOHOESEOCOBSaree gessene SOCconeOBeaseouessoes Seeeseges A. s. Herschel. 


h sreeeeegeene ° 
a _ 


Place of 
Date.; Hour. Observation. 


REPORT—1860. 


Position, or 
Altitude and | 
Azimuth, - 


Apparent Size. Colour. Duration. 


Apr. 20/10 27 p.m.iGreeawich ......;=4th mag.# ...,/Blue  .........{Lessthan lsec.|Altitude 55°; 


20/10 35° p.m.|Ibid ........cceess- 

20/10 45°15 (Hawkhurst 
p-m. (Kent). 

20/10 46 ‘p.m.iGreenwich ...... 


20/10 50 p.m.|Bayswater 
London). 
20/10 57 p.m.|Greenwich ...... 


20)10 58 58 |Hawkhurst 
p-m. (Kent). 
20/11 15 p.m.|/Weston - super - 
Mare, 


21/10 15 p.m.|Ibid ......s..ec00e 


21/11 35 p.m. (Ibid .........e000 


21/12 0 pam. Ibid ..........0006. 


* 0 12 a.m. Ibid ecereceueces ces 
J 
| 

23' 0 48 a.m. |Ibid ......ccccoees. 


a 1 O am.|Ibid ...........0... 
| 
| 
| 


|= 2nd mag.+ veveee{WHIGE .csseeee 0°5 second ... 


Touth about 5”! 
of preceding o 
teor; passed alm 
horizontally acn 
- o Ura Majoris. 
=3rd mag. ......|Bluish white...|Lessthan Isec.jAltitude, Polari 
azimuth 7° E. 
that star; { 
almost perpen 
cularly tows 
the N. horizos 
To uv, halfway fr 
@ Ursse Major 


Between Come’ 
-renices and 
Canum Ven 
corum. 

=2nd Mags 2...) YEMOW . ......[eercccscccvereeese| FO A Geminor 


=Ilst mag.# ....../Bright blue ...|Lessthan lsec.|From 9 Une} 
joris towards 
horizon. 


=Ist MAG. #...ec0e- Brilliant white aecavvcescetsenees 


=2nd mag.e ...... White ..........0°9 second ...jFrom y Herculis 
& Serpentis. 
From R. A. 25: 
S. Decl. 5°, 
R. A. 247°, 
Decl. 12°. 
From R. A. 25 
N. Decl. 68°, 
R. A. 268°, 
Decl. 52°. 
From R.A. 3B 
N. Decl 6°, 
R. A. 238°, 
Decl. 12°. 
From R.A. 253, 
Decl. 6°, to. 
238°, S. Decl. 


= Ist MEP. Hacccceess Orange... eae Otlene COCCCOCSE ORONO 
= lst mage ...... ‘Blue ......... 0°5 second ... 
=3rd mag.s ......|\Blue  .........1] second .. 


=2nd mag.# rrr Blue PRCCO dees 0S second eae 


=Ist mage ......|Blue ........./0°5 second ... 


=2nd mag.# ....../Blue ....... ..(0°5 second 
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Direction ; noting also 
\ppearance; Train, if any,| Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or 
Inclined. 


Remarks. , . Observer. 


bo tram ..... eccccscccacccece|LO” ossceeeee( Nearly horizontal ..cece[--sececsseees seccccecscoosees| We C. Nash, 


NO FRR wn cccce cs ccceecece eee ( LO” oo se000..(Nearly perpendicular ...|......sss-sscscoesseces eeseees Id. 


TERS ACSTSSSS SOO SHS OS SOOEHOEOES/SOSSSOCOSOOOOHM) dd. cee Coosesecseoosvaesee 


Cramp reports no me- 
teors before 115 p.m 
on the 20th, although 
, the sky was clear. 
Sight tras PO err) 6°.. oresaceses Horizontal PT Tee TTT TTT TTS bth dd hdd thet kel tht Ti) W. C. Nash. 


! 
neve mepercscccscceeecee weuecscor 5°. aceceece Perpendicularly down... 0000000080 0S OOP casFShe cenecens H.T.Hamphreys. 


Sze tram COS OCOS conwecesnses 10° or 12°.. jnelined PYYTTILIITIY TTT TTT seneoeeescanssccacoaescoorocs Ww. C. Nash. 


lef a train for 1 second ceeeacsessnone eCacesncaeese SCCSP ae ntoagecsea] SOSSSHeesatoseccdseaesaseesece A, Ss. Herschel. 
...[Imperfect view. .........|W- H. Wood. 


een e el ee ere Sere Tire rraerTrTrrery yy Per nh ey ee 
ms. exrgvegssen nee eee evx,essercasen see eocnse eevensesecer® SOevoccesseoer seal Terese sehaseos Peecvesaseconineg 


} 
At Ramsgate, Mr. R.JA. S. Herachel. 


of TAO OCC ee ego eeel ., sareces Rareteovecoves esvene]"e* Cwcrccccansetenceseepeecces Id. . 
womre SOCS SOTO DEEL ODEHel* HOH HPT OH ELE EM LL, deonecccereeenens weewrocnvss® se OOF nenenssencesce peogoonsese Id. 
| | 
eeoe ee eeteces OC]  emeseececraseseseSeetcsenesaeleneae Cocco esrvesnecencenene Goe Id. ' 

OreceveseeOnnes Ce OSS See Seetets So COSCO OR OSC Se OEEF ,enecvecnccesetene eee 
ee : . Peeenecoene eoelessoes SOOeSemreleccccsasecere CACAO KtecesEOHens|ooegrnanantes SCEGecccsacesa oan: Id. 
| 
| . 
| oo. oweceueacsacarecs(eeeecceane secee|soceceeee sessvssetactecscsseee|s vececeuesecees sesscesececs lds 
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Position, or 
Hour. on. lace of Apparent Size. Colour. Duration. Altitude and 
. Azimuth. 
186:.| h m 

Apr.23| 1 8 a.n.|Weston - super -/=2nd mag.« ......|Dall yellow .../2 seconds......\From R.A. 2/ 
Mare. N. Decl. 37° 
R. A. 290°, 

Decl. 35°. 
23) 2 5 a.m.|Ibid ......scccccee-|= 2nd mage ......|Blue  ..e...o0s 0°5 second ...|From R.A. 15 
N. Deel. 22°, 
R. A. 147, 

Decl. 15°. 
23| 2 20 a.m.|[bid ...............|=2nd mage ......|Blue  .........)1 second ...... From R.A. 11 
N. Decl. 60°, 
R. A. 166°, 

Decl. 43°. 
25| 7 44 p.m./Hawkharst = Venus ..0...0.000-/ White ...000...1°5 second ...iFrom y Genii 
(Kent). rum, halfway 
. @ Canis Major 
2519 S$ p.m.|Ibid........0-.00.-/Jupiter .......0.| White . .......|Slow motion..|In the S. ....... 
25 9 21 p.m. Ibid seccos weesescce =3rd mag. . @arces White .. wee 1 second Benes Began at » Virgi 


25, 9 30 p.m.|[bid .........sce000|==1s¢ mag.e ......] White .........|1°2 second ... From & to B 
25 9 48 p-™. Ibid PYTTELT TIT iT =2nd mag. eecene Yellow ...ccsess I 8 second oee From; ni Une m4 


i noris to / 
e " Majoris. 
25)11 0 p.m-[Ibid ......cccce0-/=18¢ mag.e ....-.|Blue .....00../1 second ....../From R.A. 1% 
N. Decl. 46°, 
; R. A. 173°, 
Decl. 55°. 
25,11 30 p.m./Frant (Sussex)... Large ......00+000...|Pale blue......|Moved slowly In the N.B., a 
tude 43°. 
26) 0 15 a.m.|Weston - super -/= 1st mag.« ......|Blue  ........./1 second ....../From R.A. 13 
Mare. N, Deel. 56°, 
R. A. 110°, 
Decl. 37°. 
26 About 10 Woodstock Nearly = Jupiter. eee White Cveesence Remarkably In the S. PrYTT Tio 
p.m (Oxon. ). slow motion. 
26|10 14 p.m.| Weston - super -|=Srd mag.# ......|Blue ....000../ second ....../From R. A. 
Mare. N. Decl. 80°, 
R. A. 65°, 
Decl. 55°. 
27| 0 23 a.m.|Ibid .......3....0..;= lst mag. ......| Yellow ....../2 seconds ...,\From R.A. & 
. N. Decl. 5’, 
R. A. 237; 
Decl. 8°. 
27 10 5 p.m. Ibid Satecocsosesenas = Venus SAC ceesenses Yellow 006000189000 048S8e 08C0e0 .|From R. A. 194 
N. Decl. 5°, 
R. A. 18, 
Decl. 20°. 
27 About 10 15| Woodstock 2x Venus .........|Brownish | [Rapid motion |Near the 5.5. 
pm. (Oxon.). yellow. horizon, altite 
5°, 


36) 0 41 a.m.jManchester......\Considerably ex-/At first red;|From 2 to 24'First seen at 270 


ceeding Jupiter, afterwards | seconds. R. A. 15" 56", 
presenting avery; bluish white. Decl. 6°. Dist 
sensible disk. peared in R 

16* 18", S. De 


19° 0’. 
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a a 
' Length of Direction ; noting also 
nce; Train. if any,| Length of | whether Horizontal, 
Mal its Durati -n. Path. Perpendicular, or Remarks. 
Inclined. 


Observer. 


P"OPTITITTT TL I ET ETI TPES Ir Leer Tere rePVeTeLETTTETIEET ITIL i rier rreeirivrirrrrrrrerT ey W. H. Wood. 
WePOTTITITITITI TICLE i see CITI Ieee Te ry) Ceeereceeannescacesons eee Id. 
PUbocettoroccccsocvesseaseaase|® SCacbecescenons CCSCOETETCRD coeghesbeesedssor'secasnes COCKS ORCOO RR eReER ESO HES Id. 


DB arery bright train ...'....:cccsssceeslesccosccorsserseecens seoeese..;een also overhead at|\Communicated 
Reading.’ In forty; by A. S. Her- 
minutes five meteors;| schel. 
clear sky. 

wn sactnsssssecsecesescesea{LO? OF 12°,.| Descending ........-ccccceleceseresssescescecees eeoeceeee Id. 

ss sntisseneseeanee esas]. eneteeeneees Directed from p Virginis|...... ctonccnes sesseensecoess. (Ae Se Herschel. 


Ve tras or sparks Cescaecee {eee Peeovecesereres Seer PHOSSScedereeseenetesens | FHCMOM RO EDRREHLACEORORORSEOE® Id. 


a a train on all its COSCOS COSTE OTeoele cc eeelSOnaereseesOSOccrardeneelseenes OCCeoaeenes eoveceeetones Id. 
tnine for 2 seconds. 


heed TLITILILYYYTYTY TT tt BOSTOCK CHHHEE Oe | aeaSOSOORSEHEHEHERTEHHOHoe cede (SOHPHCHCHEHO REESE FER eEHESEORE Id. 


baler ; gradually di- Q° , cescccccee W. to E. SCOP OREO HSEEOEEEE FHOHHOTHOHHBAETES oaeeseeancen @aees R. H. Allnatt. 
anisked. Left no train. 


ee LEIS ISIE TEESE TY PTY TT TIS LIP T TTP rT iIeeriireverruer ici ieee COO IITIIieeryy) W. H. Wood. 


Meee sbeeneoeeces. soe OOOO n se Ooo SOSeererenasece W. to E.; horizontal eee Auroral arch on the J. H. Abrahall. 
| 25th, at 9® 15™ p.m. 
. seaneevens W. H. Wood. 


CLO CCe OOK OScoH ene HSH TETOHORE RAH ORGDESES FOOC coe a poeoeneepearoccenneecareesere Id. 


PURIST CIPI rrr rvvis rrr rrr iriti ity) Id. 


{The path was notThe train appeared to) Jos. Baxendell. 
straight, but slightly) consist of a number 
waved. of much smaller me- 
teors. 
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Position, or 
Place of : . ea 
Date.| Hour Observation. | Apparent Size. . . Alutade and 


Apr. 30, 0 45 am./Weston - super --2x Venus .,.......;Yellow, red,j5 seconds....../From R. A. 0°, 
Mare. and green. Decl.58°, toR 
315°, N. De 
30°, Beganp 
cisely at 6 C 
siopeix; well 
served. 


| 
i 
Nl 
{ 


1. First appearance. 
‘2. Appearance after first quarter of its course: a5, expanded diameter; ¢, Cot 
. tracted diameter. 
3 Appearance near the end of its course: de = 12’, diameter of temporay 
white envelope of the nucleus ; 7, contracted diameter of the nucleas, green. 


30) 2 5 a.m.|Ibid ..........00.. '=Ist mag.e ......[Yellow  ......[1 second ....../From R. A. 0’, 
30/ 1 30 a.m.iibid ....... eascseee =3rd mag.# ...... Blue ...0c.../1 second ...... From R. A. 2 


Decl. 42. 

May 1) 9 40 p.m.jGreenwich ...... = Ist mage ...... Bluish white...|4 second ....../From direction 

; « Ure Mayon 
disappeared 5¢ 
| . | or Urse Major 

1,10 30 p.m.|Ibid .............../=2nd mag.® ......|Blue  ........./Lessthan 1 sec.'From the direc 

of « Lyre; 
appeared ne2! 
Cephei. 

10 31 p.m.iIbid ...............|=1s¢ mag.# ...... Bright blue .../0°7 second .../From w» Dra 
disappeared af 
degrees above 

Lyre. 

6, 0 16 a.m.|Hawkhurst §|§ /=2nd mag.« ....../White ......... 0°7 second .../From ¢ 7; w ( 


1 


todis. 
611 5 p.m. |[bid .......cccerse}= Uf ccscvecccccscoeces Orange red .../4°5 seconds .../From T Cephett 
point midwas 
tween 23 aod 
Cygni. 
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bidbeet LITT EST! 


wee 


int aa eveeeR ce 


ose 
(oP e ene sec ose sen ecsae see es eeeseusoeneol, TTVTTETICIitirty itt) 


Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


° Nearly horizontal ecovns|eeees Coe eeOSeSeenerscccsrer eee 


Remarks. 


rances behind); tail 
18° long, and bright 
yellow. Expanded and 
contracted alternately 
four or five times, in 
the second half of its 
course, increasing in 
brightness until it 
burst with a flash 
twice as bright as 
Venus, faintly illami- 
nating the country. 
The train remained 
8 seconds; 8 or 10 


minutes after disap-| 


report, like that of a 
cannon at some miles 
distance was heard. 


=— 


W. 


d. 


Three minutes later ajld. 


Observer. 


H. Wood. 


weeeescceecs nesceeeee sencceeee seeeeens ssecsecessecerssccesce(Ae Se Herechel. 


- -_— fem ome 
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Date Hour Place of A t Size. Colour. Duration Arie 
° -- Observation. pparent siz . ° Azimuth. 


1865./h m 
May 611 53 p.o.iGreenwich ......|Larger than ILst)........0... teense Aboat 1 sec. ../From a poist 
mag.# tween «ands 


8| 0 5 a.m.|/Hawkhourst == 3rd mag. ..e00e] WHILE 0..000000/0°4 second ... From g Une 
(Kent). noris to 3 
om RA 
1811 20 p.m.|Weston - super -|— ...<omoky blue...|2 seconds....../From 
P- Mere. per -|—2nd mag. ... y N Ded #8 


24/11 20 p.m.[Manchester .....|= « Lyris .........|[Bluish white....0-9 second ...|From B Cog 


{ 
0 4 &.m./Weston - super - =3rd, then = Ist|Pale blue ....../1°5 second ...|From RA 
Mare. mag.# S. Decl. { 


25 


25) 1 40 a.m. lI bid ....ccsccsovces/=Srd Ht scccee|BIUC —.esneee0/0°S second .../From R. & 
mag.# N Ded. 


R, A. 3% 
Ded 59°, 
25 Il 10 p.m. Hawkhurst = 3rd mag.# necees White Cdeeceoes 0°5 second . [To f, halfway 
(Kent). Ce Canum ve 


25/11 13 p.m.|Weston - super -|= Jet mag.a ....../Blae ......../1°5 second .../From om RA. t 
Mare. N, Decl. 
R.A. 1%, 
Deel. 67°. 
June 8} O 8 a.m.jGreenwich ....../—= Venus .....ceccoe.| Yellowish 2 seconds.......From 4 | 
white. near 6 


20/10 41 p.m.!Hawkhurst =2nd mag.# ......|White ..........0°5 second .. Appeared i 
(Kent). between / 
cere 


Cygni. 

20/10 57 p.m. [Ibid ......ceovceee| = 3rd mage ....../Yellow ......10°7 second ... Prom fo «P 
and as far 

20111 32 p-m. [Did ..ccccscscccece =2nd TOAZ.H cocese White Beepecces 1 second ...... from ¢ Del 
halfway 
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Direction ; noting also 
“Appearance; Train, ifany,| Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or 
Inctined. 


Remarks. Observer. 


eooae COCKER DFeOte 25° SCOCHT Age eh eodede da cesesSeSEH egal OPaKesrerHsreasesseseeheseeeOe nace se W. C. Nash. 


penne escsesoves OOO 0OSCSOl ede Odes coarse egneseehengess lo thirty minutes one A. Ss. Herschel. 
meteor. 


ahaa 4° inl. seapensesssssetsscecsesgeee|We HL. Wood. 
eagth. 


| 

defined disk. COtoeresereseas Directed from Tarandus Radiant, N, ORS oooteceeeosse R, P. Greg. 

| & momentary 
Waa. 


Azs=4° |Rose vertically from|The last 8° of the path|W. H. Wood. 
y= 15’ Radiant Q,, Q,. were convex towards 
the west. 


te 


Id. 


Cmsctececcnsece sane teseceneleseneetedoesnee' sa, PTTTITITITITITTILTITITT TTT M., D w, and D G, this 
year; occurred in April 
and May, rather than 
in May and June. 

tran or sparks 0988 OOS OF) 005 00OSESHSSHOS! gneDSEHOOHSEREHSREHESD SHOSFO FETE VEFA CoeeOSeacarecsaneeovors A. S. Herschel. 


eo 


bedi TI TTY evecvseeoceseseone 


©8C ons OOS OCS BSS eacese enevenegceese YY TITTY TEI W. H. Wood. 


Mh seesses sovecsseveccessee 40° + ....../Perpendicular ............/A very brilliant meteor... W. C. Nash. 
| 


04 tris or sparks eevssseve 6° @acene 20068e Directed from . Cephei SC COKSETES SC SOS HSE SHR HHSC ERE A. Ss. Herschel. 


trem or sparks 006028060) 200608685008 HS8 PY YX EL UL ICR SHC eonseegeteocesace seeeetOBece (d. 


* tarima of brightness eaeseae COS OED SOHL eas SOSHHeasegeesosaseosegosnesn COKCHHSSEHHHHESOSOTSOSKA OGRDEHEEe (d. 


ne 
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Ponsition, or 
Altitude and 
Azimuth. 


Date.| Hour. Place of Apparent Size. Colour. 


Observation. Duration. 


1865.; h m 3s 
June20)11 35. p.m.|Hawkhurst.. (=3rd mag.# ....../Yellow ....+. 
(Kent). 
July 1/11 50 p.m./Weston - super -|=2nd mag.# ......,Blue  ....00.. 
M 


0°5 second .../From c to » Pe 

a= ?¢ 
From 190° + 5 
to 193 +5 
From 168° + 7. 
to 161 +5 


.|0°5 second ... 


2} 035 + (Ibid....... covovece| = OFA MAZH covers Blue  ......0. 
a.m. 


0°5 second ... 


2] 1 20 am.(fbid..............[223rd mag# --...[Blne .........[1 second — ...|Hrom 270° +3 


to 245 +3 
9 Night ; + Ibid ......... seseee Very large ....+.../ Vari-coloured Several secs.../From a little W 
0 


pm 
15/11 35 p-m.| Warrington Very large ......... Pore white ...|........ccsceceees 
(Lancashire). 


17jll 4 p.m./Weston - super -/= 2nd mag.# ...... Blue ...+s000./1°5 second ... 
Mare. 


a= 
1711 20 p.m.|Ibid ...............,=3rd mag.# ......(Blue  ......++-/0°25 second ...{From 267° — _ 


19/10 26 p.m.|Greenwich ...... =2nd mag.# ...... Blue = .....:00. 


1910 26 40 [Lewisham ...... =2nd mag.+ .,....[Blue  ....0... 
p-m. . 


19110 30 + |Bristol............ Very large ........,|Pale blue..... 
p.m. 


near A Draco 
{Several seca...|From due S. tok 


19/10 32 p.m.iGreenwich ...... =Capella............ Brilliant bluish Lessthan 1 sec.|From a little bel 


28)10 30 p.m.|Hawkhurst = 2nd mag.# ...... White ......... 
(Kent). 
28:10 39 p.m. Ibid oxsoeee seeeeses =2nd mag.x# ...... White, then/2°5 seconds ... 


28/10 56 p.m.lIbid ........s000...|= Jet mag.# ......(White .........[1° 
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Direction ; noting also 
opearance; Train, if any,, Length of | whether Horizontal, 
and its Duration. Path. 


Perpendicular, or Remarks. Observer. 


Inclined. 


SOSSHCCaSPOe EH TOStereSBERGETES A. S. Herschel. 


btran or sparks C09 OOO OOO] POSTDOC EEO SLOT Oe agence t ee EOS OESORED SOSH ETSH a TISECE SUS AE TER SES RERS ESCH EH HESEEE Ww. H. Wood. 


secscvccccccssscccscsccccetsecs|) Weston-super- 
Mare Mer- 

cury.’ 

The phosphorescent|T. G. Rylands. 

track terminated 

about the point where 

the increase of light 

terminated. 


esaer, 
lea large rocket. The 75”. ccvcecce|sccceces 


SCOoPoceeqresvegesevastOsncesen Id. 


Very rapid in its motion|W. C. Nash. 


es etes0e 


14° oevescecs Inclined Ceeeccesccces Pe Od entscers Coneeovencessncees J. P. Trapaud. 


‘Mew of considerable 
~ancy; left a tail 
Fi £5 ire, 


Dorey 


necccoece wocess|sacscsccctccscscescsseccncccsc|[rereectsscocsasosoesssessssoeel) Bristol Daily 
° Post.’ 


This meteor scintiJlated|W. C. Nash. 

considerably, and dis- 

appeared very sud- 

denly. 
Very short/Nearly stationary ......|....co.-ssseees cnecscecsces ..{A. S. Herschel. 
path, 
‘ats following the|38° .........(Directed from Fomal-|........ sessassssesveseseveee fd. 
ec . haut. Lane : 
"U4 OF Sparks .......0sesssesceneceees From a southern Radiant}.....0....ceccssessecesscoenea[ Le 


epee eetenseesteace 20° CHOESSe eafeweevelOSercassess®*ESennsasere 


—a ee, 


A 
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1 + 1 
| Place of | | | Position, or 
Date.; Hour. Observation. Apparent Size. . Coloar Daration. i ; Alsitade and 
| | math. 
1865. hm | ; 
28,10 $8 p.m. Hawkhorst = let mag.#, then White ......... "l-7 second ... From $ (8 Aqa 
, (Kent). | twice as bright , @ Equulei) « 
as yf. (@ Aquarii, 9: 
| | gasi 
2811 14 pm. ‘hid . scccccescceens =2nd mag. ...... Yellow .......1'5 second . To B Cassiop 
| | ,  alfway from 
| | ' | ' Pegasi 
28:11 17 p.m. Ibid ......... sovoeel = 3rd MBG.# 2.00. ‘Yellow ...... 0-9 second ....From 6 Pegasit 
_ | 1 (B Aqui, 
| | Equalei). 
28:11 32 p.m. Ibid ..........00.., = Ist mag.# .......White, then 1°8 second ....From 4 (¥ 
| | | orange. | Cygnit to} 
{ 
2811 35 p.m. Ibid .......00...... > Ist mag.x ...... \White .........0°7 second ... From r Taran 
| | | | 4 (9; ©) Ceph 
29: 010 awm.'Ibid............... = 2nd mag. ...... White ........., 0°5 second ... Close to 2 Drs 
29,012 am.'lbid........... «| = 3rd Mag.#,.....000 Yellow. ...... 1°53 second ...'From § Cepha' 
| | Urave Minott 
29,015 am.|ibid ............... = Ist mag.# ...... White .........:0°7 second ...|From Y Dne 
| to y Une! 
| joris. 
29/ 0 20 a.m.|[bid .........000.../ = 1st mag.# ...00. White o...... 1 second ......|From«Honong 
a Lacerte, | 
| as far again. 
29, 0 36 aio coscvoceveceoes = 3rd mag. ......|Yellow.........'0°9 second .../From y to j (6 
Piscium. 
29 0 44 &.™. Ibid .. oossaassénte == 2nd mag.* Beene White eeeceaces 13 second oo.'From A Honati 
to B Cassiope 
and alt a 
29) 0 52 am.!| [bid .........cccce0! = SHIUS cooccccceeee| WHILE ..22..00-(0°9 second ... To « Une Maja 
| halfway froa 
Camelopardi. 
29] 0 53 a.m. i [bid ...ccccecsecces| = OFA MAK.H o00...; White ..0.00...{1 second ...... To A Pegati, i 
the way from 
Andromede. 
29:10 10 p.m.|Combe, near (§ the size of Venus Pale yellow ...!Slow motion...|Appeared in the 
Woodstock at a 
(Oxon.). altitude, 
moved oval 
S.B. 
29/10 45 p.m.|/Hawkharst = 3rd mag.# ......| White ........./0°5 second ...\From « 
(Kent). Cygni, 
far again. 
“ile 46 p.m.'[bid....... eoeceees = 2nd mag.# ......|White ........./0°5 second ... -/First appt 
C % 
29! ll 0 p.m. Ibid BOereccecnesoos = 2nd mag.% . eee White eevesaces 0:8 second [From B Cephei 
«x Draconis. : 
29:11 12 p.m. [bid ....00......00.] a 2nd Mage ...... Yellow  ......|1°5 second .../From 4 (¢ 
ni, a em 
4 (8, 7) 
Minoris. 
an 14 p.m. Ibid SCosecosvaesa See = 3rd mag. eecees White etesacees 0°6 second eee - Disappeared at 
Pegasi. 
29 u 16 p.m. [bid COP songsocecoee = 2nd mag.+ eesece White eeveosees 0-7 second . ..|From a Andros 
dee, halfway 
Pegasi. 


rn re gr seg hfe cape ST 
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Direction ; noting also 


warance; Train, ifany,| Length of | whether Horizontal . 

and its Duration. ’ Path. Perpendicular, or Remarks. Observer. 
Inclined. 

preared with a flash 7° or 8° ...|From a southern Radiant'........... senracsonccesoesce A. S. Herschel. 


best one degree in 
neth, at which place a 
us remained 4 secs, 


tain or sparks ....... ee 


haut. 


train or sparks Seecceseslenersrevevee 


lating, throwi 

ley sparks in "the last 

mic! its course. 

aural train remained eeeoeaescegeenes 

pm the whole course 
seconds. 


..|Directed from Fomal-|Undulating motion iniId. 
haut. the last half of its 
course. 


COT ROSE HECEHOOHH HT CEAREHOHH SHH | FOOHHHOCHH EEE HERSEK CEDEHORSE Id. 


iran or sparks oouceceee No path eee Stationary OOSOe Hee ecccna|seeeeres COSC coveeeneecaeseooes [d. 
btta ¢ sparks eoneopece 26° CBecccces Directed from Fomal- aeces Coccccssedessces Ovetetvae Id. 
ut. 


SAOS eo eelOSASHenetseoasecne del tts eaeoesdt ggoseesoapootestosaeney Id. 


bina or sparks scceOeovatoenseereseoccccc|*® 


tak 2 CONES....escccces BOSOORCORODORRelsevEeLeZere 


eGo eeadoeecccencese|® OO aserOSeegcosecre Cecccces @oe Id. 


bua or sparks eenccevegieseceses @avecne 
‘tain or sparks PTY TTTa Te 21° sevoccese 


Directed fromasouthern].....c..0see eoceccnvcctcesece Id. 
Radiant. 

Directed from Fomal- CORCCCenoeectOBoceesocccccs eee Id. 
haut. 


b a streak upon the SOC ONC ETOCOB EES 
thole path for 3 secs, 


train or sparks Conece s Hel eSEOOS SOS ogonerlOSSeadessgnsaseseaceceseesseoes In Qh 30™ forty-three Id. 
meteors: one observer ; 
clear sky; no moon. 
Almost horizontal, in.|A second at 10° 20™,/J. H. Abrahall. 
clining downwards. | equally bright; de- 
scended vertically. A 
third appeared at the 
same hour on the fol- 
lowing night. 
PPTTTTTTTITIT TIT TTTTTVTTiT TTT LL A. Ss. Herschel. 


POC HEROD EER TECEDEDOSrecerenDe! TOTP HOCOSSHHSSEOteserhseTeRes Id. 


wind a uniform|Long path... 
fgtines. Drew a s 


bin of sparks, 


‘in oF sparks Cedoccooslsosccesegece dae 


RA streak for 2 seconds 4°, Directed from X Perséi.. COOOAO DES ESECERERECOC ETE CDOS S Id. 


Ra wreak for 2 seconds|. 


Directed from Fomal.-|.c..scccosscossccccsessesecees 
haut. 


(d. 


Mra of sparks 4°. ..coccecees 
Nitin oF sparks Coeconeees. caconcescesces 


Directed from B Cygui Pr Pousovsece eersres eeesnce Id. 


PTYPUPTTTITTILTY YTTrre PTTYYY TTT COSHSDeceeoeeshenes eesePooneve Id. 
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Place of Position, or 
Date.; Hour. Observation. Apparent Size. Colour. Duration. Altitude and 
Azimuth. 
1865.;h m 8 _ 
July 29/11 38 p.m.)Hawkhurst =2nd mag.* ...... White ......... 0°6 second ...|From K, haliwa 
99/11 39 (Kent) p Cameloparc 
! Ibid eevoee eeescccece =Iat mag.% esenes White eaecoeses 0:8 second ae From 9 Androg 
to 2 (a An 
medz, 7 Peg: 
he 50 p.m.|Ibid ...............;=ord mag.# ....../White ...... «--/0°8 second .../From 3 to Wh 
and as far a 
911 52 Ibid ....ccccccse000[== OFA MAZ-# ..,000/ White .......4 0°7 second ...jIo ¢ Cephei, | 
. . the way fro 
ae 55 p.m. Ibid ec oceesagccences =3rd mag.* eveces White Seeeveces 0°9 second eee From Saat 
; to v Persei 
911 56 »mM. Ibid Oeeccsncnescene =2nd mag.# esenee White eveoceces 0°83 second ace From 8 Cephet 
‘ Draconis. 
0:10 25 p.m.|Weston - super -|= Ist mag.* ......| White ......... 05 second ... a= 1 
Mare. From 150° + 
goll1 46 oa 
p.m.) Hawkhurst = 2nd mag.t ...00.{ WHE ...0.000-11°9 second «(70 $ (« Dra 
(Kent). Z Ure Maye 
4 of the- 
from L Cam 
30/11 56 p.m.|Ibid ............06/=3rd mag.# .06.../ White ......0108 second fret Cy 
°*") halfway to 
Lacerte. 
30 12 0 Ibid sceeeeenstseres =3rd mag.# eecone White abecences 0°5 second ees To @ Ursx Maye. 
pofthemar™ 
melo 
31,0 4 a.m.|[bid ...........008. =S3rd mag. ......; White .........(0°8 second .../To ¢ Honora 
; of the way fi 
Andromedg 
$1 0 13 a.m. Ibid Cees reeoseseses =3rd mag.* eerece White Coevecncse 0°6 second eee Tor, halfway f 
3 Urse ot 
a4°f 
31| 0 28 a.m.Ibid .....:.........|= 2nd mag.# ......) White .......|0°7 second ... From 4 (A, #) 
nora ie 
31 0 34 a.m. Ibid eeeeeecceseoons = 2nd mag.# eaenene White seesveges 08 second ee from to d 
3l 0 39 a.m. Ibid OPE rrarer yyy Ti =3rd mag.* ecceee White peortocone 0°5 second een From to { {Wy 
Andromedz 
31} 0 40 am.|Ibid ............... =Ist mag.* ...... White ........./0°9 second .. From ato fi 
31) 0 41 a.m.|Ibid......... eeeese{ = Ord MAG.# a2... White ......... 1 second ...... From } Cassiopt 
to me Custodis. 
31) 0 44 a.m.|Ibid ..........0....;=2nd mag.# ......| White ......0../1 second ...... From 9 t 4 ( 
Draconis 
5 a 30 |[bid ........0......|=3rd mage ....,./Yellow ...... 1'] second ...|From 4 (\¥! 
ote norium to Oi 
Aug. 3) 8 40 p.m.|St. Helier’s Large ...ccccssscvees Red sesasssulA few aeconde| Dropped verte 
(Jersey). very brief. to the S.E. 
E. horizon, fra 
altitude 10° t 
411 25 p.m./Weston - super -|= Siri B Ie 
eston pe IFiMS .........000 right yellow 0°5 second . 1 prom 933° +8 
to 234 +! 


a ee ee 
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Direction; noting also 
yearance ; Train, if any,| Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or 


Inclined. 


Remarks. Obscrver. 


tr2ia or sparks eneeedenelcce PIPETTES PPE PETTTTESTTTePeTi TTT TTTrrre ili ricer lL ieeiriyyiriy yyy) A. S. Herschel. 


train OF SPAFKe ......c0c|eccseccccsccecel,cccsescccosccesees vecececsceele* ocnceeececececscceccsssces ..(Id. 


tat or sparks SCOOP neel ee eSSPoegeseveelrzcuccvesces Cocccveccecsecseces[ oe Cees eccandasegeccoceesens Id. 


tin or sparks ....... ealecccccenes ovevslcoccecccctevorccconceccscccse.|recesoccccccces secccsconsccas | Abe 
TRY or sparks Ccee rah Oeleoesreeeneeeeses|! segveccce eevecevesces eeeeeesce|** Pedevecccancceenevesenengesss Id. 
itz or sparks .........[6 oeccvcceccceeel.o cess sescece secccseecceceee..(20 One hour sixteen me-|Id. 
teors: one observer; 
clear sky; no moon. 
1 ee re rn re seueesverecesescceecs satcoeeseecescseccscasencesees W.H. Wood. 
& tak on the wholel............001,...., secccccecccesecceccecss|*ttereseeeseesensscesensss »...(A. S. Herschel. 
dcane for 2 secs. 
)iria or sparks Coes cree s| cesccessOneeteel . seccccce Ovecseenecas eaceces SEH RO eTEO Shes odeneeaneeaseseees Id. 
\uin or sparks COP awercotonecccococooeoel oo. eenencace PPT TETIT TTT Tee Peeeveverecesveenahneeoevennces Id. 


ray or sparks Poe eesosetososesseneehPoen 


0000805000 009000886082 C 0 HESS ooorescorccsovasccosesceresonse Id. 


ha streak for 2 seconds|.......... eoeee 


See secccancecccessonsccescsces| oooscensosevercvsevencees Id. 


Ra streak for 2 secondal.......0-e++.. 


occeeceetasecscese occetecccece SPSCOHKRHHHSCH EE SSHOT es eotoueserseese Td. 


™ 1}second ...... 


COO] SESH RHSHHSHREHETSSSOOSE ROTO THSHROHEEHHHSSHSHOESOISEHE CO SHSSEHEHOHHOSHREEEHDBOHTECS Id. 


astreak for 1 second|.....sececesese|scesscececscesecesececsesenseel as oteeascnescessccesseesooess (Ge 
NULL OF apArks .........|sccccscsesesces|scconssescscscscessessscoveres|sesseeeees beasseceesees beseees Id. 
NOLS OF sparks .........|sccsscecsocces|sccceccessccrecesssccecccsess [esves stevceesccscecevees eee Cp 
UD OF SPAFKS .seccesslecescescesseseclecssccececessecsccecsececenses[etetecesteetsee sees socesevees (LG. 


1) OF sparks .. 


secsssssecsessceeseseesceeeee( A ONE hour twenty-four Id. 

meteors : one observer ;| 

clear sky ; no moon. ; 
ves[ecvesssecedscoeceessecsseeees. (SED by several persons|Communicated 
at St. Helier’s. byA.S.Herschel. 


lie & cricket-ball./10° ...... 
i at peared without 
TWng, 


m rcleus appeared sen-|............ coe] cceseceecececs sesenceseeees-( Bright moonlight ...... W. H. Wood. 
aby elongated. | 


~~, 


~— 
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| Position, or 
Date.| Hour. | On Apparent Size. Colour. Duration. Altitude and 
Azimuth. 
1365.;h ms | 
Aug. 5| 9 35 pe eee) =2nd maz.# ......J/White ......00 0°8 second .../From ¢ Draconis 
«x Herculis. 
8} 8 55 pape (S. France)|=3rd mag.* ...... White .........(0°7 second ...|From yp to 
Lyrae. 

8} 9 20 p.m.'Ibid .......cccceees =3rd mag.* _......|White .........(0°9 second ...|From Q Cepbei 

| 7 Draconis. 

8| 9 40 p.m.!Ibid ........ ococeee| 2nd Mag.# ...... White ......08. 0-7 second ...'From ¢ Une 5 

joris (to 4 
. Ursx Majons 
Canum Venati 
m). 

8 9 46 p-m. Ibid eoteenereoegece =2nd mag. oonees White eoevescoes 0°7 second eee From 4 (y, yt 

hei. 

8: 9 47 p.m. Ihid CCocccrecsecese| — ps Scenes eveneose Blue and red.. 15 second eer From ¥, acroe 

Cephei, toy Cy; 

8} 9 57 p.m.|[bid ....sece00-4=2nd Mage ...... White .........10°7 second ...{From y to p ¢ 

siopeix. 

8 10 20 . p.m. Weston e super bad > Ist mag. Coneces Blue eestetece 0°5 second one a= 4 
Mare. From 138° +5 
to 151 +4 

8 10 42 p.m. Ibid Terrirrririyy | > Ist mag.# eeeces Blue Seveecces 0-5 second We Oe 

9/11 37 p.m./Greenwich ......)=2nd mag. ......|Bluish white...1¢ second ...... Across Draco 

wards a Lyre 
10 0 to 1 a.m. Surbiton CORREO d eet cccenn CeOCH een OSScecnagelsecsasecoce CeeeOOeloceons See neeses oeeseecccnaconcssr® “ 
11/9 4115 [Greenwich ......)=4th mag.# ......(Blue  .........(2 second ....,.{From the dire 
p.10. of » Boots 
a point X. 
Bootis. 
11 9 48 + [bid eCCOSCO CH CeeDE® =3rd mag.* e0egeen Reddish oceves Less than 1 From a poiat | 
p-m. second. of y Bootis 4 
int near. 
uN Gotis. 
9 48 10 {Royal Observa-|=-3rd TAK. ...00. Bluish white...|§ second ......|From 3 point w 
p.m. tory ’ Green- way betwee 
wich. and é Bootis 
p Béotis. 
13} 9 5145 {Ibid ............... =4th mag.« ....../Bluish white.../Lessthan }sec./Between 7 ant 
p.m. Dracenis. 
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Train. if Leneth of Direction ; noting aleo - 

\ppearance ; a, ifany,| Length of | whether lorizontal, 

zed its Duration. Path. Perpendicular, or Remarks. Observer. 
Inclined. 


| a SR CE GEESE | ee 


bp train OF SPACks ....cccce|scorerccssesseclevecsscacnnsescccccncncscenctelsoescccsccsccecesveacssccessesithe SO. Herschel, 
train OF SPALKS ...ccccen|occcececsverss[occcesssccocctssceseeasceeses|ecees eosseeee eveceeee ere Id. 
lo tenis OF SPATKS ....ccces|cccsccccctorsssleocseccececcesevsccersssees ses[serecnsseceeeesecseceoneseons [de 
Id. 


le trian or sparks Seeeerece SSSSSSHHSSHS Ses leceSTSeKseSHSaeesHseasessseSegaciscoersse SHOCKS OOKC KE CEHHOHSHCEB oa 


ditastreak for 1 second) ..cccc.ccccsees|eccccccccseeees seteccccess coccleccesccccccrcectatecsercessnas Id. 


Rise ancleus, sarrounded}30° ........./Directed from Perseus..|[n the latter part of itsiId. 
ai felloxed by red course the flight and 
wats Diminished to the streak were twice 
ipest, and disappeared inflected. 
iar bursting. The 

erat remained visible| 6 a 
15 weonds. ee 


Streak. 
a. Commencement. 6. Termination of the meteor. 


let a streak for 2 seconds| -:ocesese.ccees|..-csecesccecccccsscesesssseee(1 One hour six meteors:|Id. 
one observer; clearsky; 
moon nearly full. 
to streak Visible....ccccscee POCHOCOOHOEETES rocSOS eee OReorereoaeseSaeages Full moonlight ; 2nd W. if. Wood. 
| mag. stars not dis- 
tinguishable. 
mesettersccsccseceonceveecwce ve] soccsecscesveclsoscccsccscececcscccosesccese.(f bree meteors from 10% {d. 
to 115 15™ p.m. 
le trais cvecccccceccs pocccene 15° POeTYeTTisrrivrrerirrireri etree reser Ceclenecrertrncesneeeccens eoceseeet W. ©. Nash. 


wisisssenenaseseeserenenc enn ee[reeeseesecaeens sseccccccceveercccsecessossees(i One hour no meteors|f. Crumplen. 
scen: sky partially 
clear; full moon. A 
terrific storm of light- 
ning and rain before 
midnight. 
he brain Cnckeseeveaneeseeeene ee {Inclined OOFe Re OHHSHOSSEO EES A fine clear night eeseee Arthur Harding. 


Me inin ......sesesssesseee [10° seeveeesitaeined pescescacsccesess seccseenecese sovaes . 
| ; | 


ha train § Ol cpcccesoccceseness 7° .ecssceee.. LNCHBEd eberncccnscvercsesios PPTYTETET PUTT TITITIT TTT Ter W. C. Nash. 


Id. 


Ko train 


Seoesesed ceeseeneeces ) SESOHKSSEOHRHEOSOSHEHEBDenesae SOOlrcceenaseenese eoenetacdnoreteneas Id. 


# * 
aLyre. y Draconis. 


y 


| * 
| B Draconis. | 
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Dat H Place of A Si : Position, 
ate. our. Observation. pparent Size. Colour. Duration. Altitude a 
: Azimuth. 
1865.| h ms 
Aug.11}10 0 p.m.; Weston - super -'=3rd mag.« ...... Blue ........./0°5 second ... «= 
Mare. From 173° + 
to 191 + 
11110 0 5 jRoyal Observa-|=4th mag.« ....../Bluish white...|Lessthan1sec.|/From the vic 
p.m. tory, Green- of o Cygni, 
wich. appeared ne 
Cygni. 
1110 1 5 {Ibid ......00.......,;—=4th mag.# ...... Bluish white...|Rapid motion..|Fell through } 
p.m. leus toward 
; rizon. 
1110 7 30 = |Ibid...............;=1st mag.« ......,Blue  ......... More than 1)From the dir 
p.m. second. of pf P 
passed 
Delphines: 
Aquilz tos 
5° beyond 
. latter star. 
11/10 8 p.m./Weston - super -/= Ist mag.#......00.{White ....0....,0°75 second ... «= 
Mare. From 0° + 
to 0 + 
11/10 10 30 (Royal Observa-|=1st mag.x ..|Bluish white.../1 second ......|In N.N.W., al 
p.m. tory, Green- 60°, directs 
wich. wards W. 
11/10 19 15 {Ibid ...... »osscooee] = Ist mag.#,,......./Bluish white...j2 second ......j[n W., froma 
p.m. 10° below «! 
passed acro 
. Ophiuchi. 
1] 10 19 42 [Ibid .........+++000/ = 18¢ MAG.#......008 Bluish white.../1 second ......|From the # 
| p.m. in the 
of 9 Dm 
to a point 
| W. of 9 
| Majoris. 
11/10 21 30 |Ibid............... =2nd mag.# ...... Bluish white.../4 second ....../From the | 
i p.m, tion of | 
Berenices, 
ap a 
Bootis. 
11,10 23 41 [Ibid ...c00....00 l= 1st mage ...0.. Bluish white.../1 second ...... From a pois 
| p-m below 4 
ee Majoris tot 
1 Arcturus 
110 25 p.m. Weston - super - —2nd pag. ......|Blue .....+00./0°S second ... = 
"| Mare. From 37" + 
to 2+ 
11.10 31 30 |Royal Observa-'=2nd mag.x ....,./Bluish white.../1 second ...,..|From a positi7 
p.m. tory, Green- W. of 12G 
| wich. Venaticorun 
| wards the 
| horizon; 
peared at 
| tude 10°+: 
11'10 32 p.m.| Weston - super - > lit mag.*.........|Vellow ......006/1 BECOME ceseos = 
Mare. From 162° + 
/ to 1/0 + 
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Le Direction ; noting ano 
ippearance; Train, if any,| Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or Remarks. Observer. 
Inclined. 
— seem memes | 
re ee eenevccccecleccsencsccsccccccsssscccceeses/Lhe Rights of the 9thiW. H. Wood. 
and 10th were over- 
cast. 
0) ee Jo cccccfeccecccccscaccsceccscsscnscces|seees evvecce coe ceccccssseveees W.C. Nash 
le treig .....escsce ecoccecees 10° .......00/Perpendicular ...sscocsses|sscrsrertessececesesenees eoeelLG. 
lhe train; lasted 2 8€0...|25° ....ccccclecscsce eevece evcevsce eetcesece A very brilliant meteor..|Id. 
Soc or sparks eesene OOo] SOC CHOe Ce LeEreSl,seccenee COC Coc ce eens sc sehen ns| Ott T FOS Seeeoeeneesesedeloasonn W. H. Wood. 
Fite TUik......2000 savceccccnel, sccecssccnsnsl sence cesccececscececs cecccens|SPOCDeeceeeeneccccscconseseees Ernest Jones. 
hee train vocesencates COCHCC OS cee cdeeeteegcse Almost perpendicularly Very brilliant ove tevoccesse W. C. Nash. 
down. 
Ihe tran 6t8o00 sevegeeese @eeesGeleseaecese SeeesSeliee@seced SeoseseeescePosegecrecons Very brilliant SGGreneseteas {d. 
Ss es cc cee vcccccecccecesscceseves Ernest Jones. 
rain (scope Senecopesee etree ane 12° SCOSOOSEHOEl agar eecuccscoresess eescecese VeolevaseerccveseseeGegceaesesnere W. C. Nash. 
lb a train.......... coscoccele cccceccccsseee{ LHe Meteor ASCENdEM]......cccccrecsercsecsecsecces W. H. Wood. 
apparently. ° 
Fee tain Poreeeoentetaeeees SOOloecgceeteeasedetesoedeattensees CODeercoaecsecelerelOFOOSaccensegseecesetOtece Ernest Jones. 
* 
12 Can. Ven 


Ma a Wain for 2 seconds CORSO EEE Eel eMe REDD eESOOHESELEHEEEECE Ceeloeccce OR sccccce YY IT irery snes W. HI, Wood. 
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Place of 
Observation. 


Date.| Hour. Apparent Size. Colour. 


Position, 
Duration. Altitude 
Azimu 


H co 


| 
= Ist mag.#.........|Bluish white...|1 second ......|From directi 


1865.) h m s 
Aug.11}10 33 34 (Greenwich ...... 
p.m. 


to 216 + 
3110 40 35 [Greenwich ...... =3rd mag.* ......|Blue  ........./Mfore than Jj/From the | 
p.m. second. tion of «| 
conis to a 
between « 
conis and 4 
Majoris. 
= 2nd mag.s ......|Bluish white...!1 second ...... From 2 pois 
tween « 
Majoris am 
laris to aye 
of « Dracco 
=2nd mag.# ......{Blue  ...c008., 1 second ...... = 


p.m. 


to 199 + 


11)10 52 p.m.|[bid ............08. =3rd mag.# ...... Blue ......... I second ....,./From 24° + 
to 32 + 


1110 52 p-™.'Greenwich ...... = 4th WDAZ cece. Bluc s.eoeasee/ SECON 2.000. From the dire 
of A Bootis. 

11/10 56 p.m./Weston - super -| = 2nd mag. ...... Red ...... see. /0°6 second ... a= 
Mare. From 205° + 
to 212 + 
11/10 58 P-T.| [bid ....00 -eesceees) = Ist MAg.¥....c000. Blue — ....0....,0°75 second ...|From 190° + 
to 193 + 


11/10 58 45 |Greenwich .....|=3rd mag.# ....../Blue ......... Very rapid ...|Passed below: 
p.m. conis frow tb 
rection of «| 
Minonis. 
LULL 1-45 Ibid ....ccceese-oee] = 18t mag.® ......[Blue .........(Greater than|From the dire 
p-m. 1 secoud. of y Dracos! 
a point 5S. 
Cygni. 
1111 6 30 |Ibid.............../= 3rd mag.* ..,...|White ........./Momentary ...|From a poiat' 
p.m. Polaris. 
L1]11 10.15 [Ibid .eesss.eeeseeee = 2nd mag.# ...... Blue .........{$ second ......[From B Cre 
p-m. the directw 
« Ophiucbi. 
11/11 17 45 |Ibid............... = 2nd mag.# ......|/Blue  ........./Slow motion.. |Between & 
p.m. Cygni. 


a fess } 
W111 26 p.m. Thid............ ...|= 1st mag.# ....../Bluish white.../1 second ...,..|From Cass“? 
; shot 20° tov: 


Capella. 
a a 
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h Direction ; noting also 

nce; Train, if any,| Lengthof | whether Horizontal, 

Pits | Duration. Path. Perpendicular, or Remarks. Observer. 
Inclined. 


oN ls 


) seccereee COnseserseoncone 10° OCOnocers COOCOPoRcaeResecoRneerereseteclos aes ne vabeb th Auf . Nash. 


ty. 


fowls DESI 
eye « 


LAL TIOR a 


iepesed in colour and eeees oeeseoraeticecsaa oe ce eeccccoese SeoaesOFeeticoaszace Carre ccosese W. H. Wood. 


\ tam scocceseteneeeee OO Gees 15° nesses Seelansea CReveroreeenenseneee® SHSGole se nseSSeaSSseestsesscentelens Arthur Harding. 


ik was... secsocees[22. seccveeee| Nearly horizontal ......Jececeecesess seoaeees sseccesece( LG. 


DiMA OF SPAFKS ...cscecsfesescesseeeceeelesscccecscacsccneccesescseses[esssessscsesssspesenscesees »..| W. H. Wood. 
lean or sparks PET TERT TS deeded LITT ASSIS LIT IOTTTTTTi iit L Id. 


Heais sotccce CoCOeneeeeeoce Bo ce rcccccoes Perpendicular PYUTTTIT TAT TT Lr Arthur Harding. 
bain or sparks YY ITITENS DLA TIT I RE SLIIITLLIIITY PT PE) W. IH. Wood. 
fata OF sparks .........,-ssccccecccees|ssecccssscsccceseceessccseess. [Clear sky from 10"to 11"{Id. 

15™ p.m. ; 12 meteors 


seen : one observer. 
Hirin ISITE TITEL Ty TTY yy ’ hae eetecrecos Inclined SOCHSH RHEE eneeoe{SSCHOCOHSHSCHHSOSSLESHCHEEETOC RES Arthur Harding. 


doveve See eeeenens 20° A tte LAL eee (d. 


sestvessaes secssecese[LO® sseeeeses| Almost perpendicular,..[...+-s+scscssseesseessecseseee (Ide 


ASI IST YY EY TY SF) 12° eccceeses Inclined POU OTT IPE L LIS TT) te ee he he Id. 


Britt? Peerery (PIL e ier errr Curved th eeoccccaennesssreer® Oo oes POOrnv vce vesnogrre Id. 
m E Cygui. 
* 


# 
. a Cygni. 
aa street ee eee Coecereenver. 20° @vecerece Almost perpendicular... Coecccesseves Coecasetesgescons W. C. Nash, 
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Date. Hour. 


1865.|}h m 


Aug.11|11 27 30 |Greenwich ......)= Ist mag.+ ......;Blue_ ...... see 


p.m. 


REPORT—1865. | 


Place of 


Observation. Altitude 


Azinout 


Duration. 


Position, 
Apparent Size. Colour. 


8 

.jkrom the 
tion of 3 
Minoris 
point betw 
Draconis | 
Ursx Majo 


14 second 


IN11 33 30 [Ibid ............6.| = 1st mag.*......... Bluish white...|/1 second ......|From a poist 


p.m. 


11/11 39 47 |Ibid...............,=3rd mage ......|Bluish white... 


p.m. 


LI1i 40 


12] 9 10. 


1211 7 


12}11 12 


12/11 16 


1211 21 


12/11 25 


12/11 31 


12/11 36 


12/11 40 


Capella ; 
peared 5° 
B Aurige. 
Lessthan 1 sec.|From a po 
W. of «& 
Majoris ; 
below 4 
Majoris 
point ak 
below s 
Majors. 
2 second ....../From the di 
of A Dn 


* 


0 Se = 2nd mag.# ...... Blue — ese...eee 


p.m.|Combe, near |§ the size of Venus|Pale yellow ...|...... 
Woodstock 
(Oxon.). 


0°5 second ... a= 
From 242° - 
to 2i4- 

0°5 second .../From 190° + 
to 193 4 


p.m.|Weaton - super -|/=<Srd mag.* ....0.;Blue — .....000 
Mare. 


p.m.|[bid .......004 voe-] = 20d MAZ.* ...05. Blue .......0. 


0:25 second .-.|From 127° 4 


P.m.|I[bid .....0.ccccccee| = Sd Mag.* .....,/Blue ...... one 
. to 133 4 


pom.|Ibid 2.....seccseee.| = 20d mage ....../Blue ......... 1 second ....../From 24° 4 
to S04 
P-M.|Ibid........0.00006-)=SFd Mag.# ......|Blue  ......... 0-5 second ...|From 263° 4 
to 263 + 


p-m./Greenwich ...,..;°2nd mag.# ......{Bluish white...|Rapid motion..|In the Wes 
i 
rona Boreal 
4 second ......;From the din 
of Sagitts; 
appeared | 
Herculis. 
0°5 second ... a= 
From 186° + 
to 190 + 


p-m. Ibid SCeovesococvcece =m Ist mag.* oconcs Bluish eceresece 


p-m.|Weston - super -|= lst mag.#......... Blue ...c00s.. 
Mare. 
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Direction; noting also 
Length of | whether Horizontal, 
Path. Perpendicular, or 
Inclined. 


pearance; Train, if any, 


aod its Duration. Remarks. Observer. 


10° cence n tes Inclined SCOCHEHHHHHHHHES HSH asco seGASeSHeneeaonensonecases W. C. Nash. 


) tran seeteecscone eneeeecece 17° seneeesce Inclined CHM reH eH SE SEHHSALOST OS HHHOHCHHERHEHSH EHH ADE LESSOR Id. 


WES ee ceweec eee { LZ? coves ovselENCLIMEd ...cccevesecsceene[eres sosesene socccsccecesceeee [Arthior Harding. 


secceesscseeees N.E. to S.W. .....0006 «. A second, nearly asiJ.H. Abrahall. 
bright, appeared at 
10° 15™ p.m., falling 
thus—S. to N. 


train of sparks ......... 


nin of sparks Coensreaelseteoceves OC seehoannse SOGoereeesSOocrcesaneseal/erseseeee aecseavenses @eoscvaces Id. 


eeebOScecseerterisggarsoce POOCHOC Dor ovevessesosals OFosossenecs @eccceesccossecns Id. 


soseececseeee Almost perpendicular... Very cloudy.........+00...,W» C. Nash. 


ee esooasocooeseeeeeeslse 


i 


15° SOOSHOHEOfeseneeseSeaesseeeseaeeseesGanes ve ceencetcsvcccescccccsccccoce Id. 


tt a train eleeShevevscneeiaseoear SCooSGeesolesesctSeseaesesessoeeseOruseganeses Clear sky 3 Six meteors W. H. Wood. 
from 10° 50™ to 115 
50” p.m., for a single 


observer. 
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| Duration. 


| 
Placeof | 4 
Date. Hour. oO G Apparent Size. —- Colour. 


I 
! 
I 
] 


1365. hms = : 
Aeg.13. 9 53 p.m. Tooting, Surrey. = Ist mag-e coves Blaish white2 seconds. ...../Disappeare| 


i ae: es a ee: 


| , 
13, 9 56 pm Thad . caccseconesso- =15t MNG-P ase .- Blaish white. second ....../Prom of 
- wards y 

1310 215 (Greenwich -oosee! = 2nd mage eves. Blue «..-----. rr second ....../From direc 

| | pm => 
| | and « De 
1310 6 p.m. [bid ............... ‘=Srd mag.e .....- Bloe .........)} second ene ERSTE 
rom a 
| | little to 
of Arctar 


13.10 36 p.m. Tooting, Surrey. = 1st mag.e......... Bluish ......... | second ...... \From a p 
| | | below 7 
i | 


| 
| 
| 
| 13113050 Greenwich ...... = 1st mag «......... ‘Bluish white... | second ....../ Fell almoxt 
| | p.m. | | dicularlyia 
| near y Serp 
1410 23 pain. [bid . 2... eee eea eeneeenmeenennceens Prt ‘Blaish white . 1 second .....- \From af 
| : | | little be 
| 


disappear 
| @ Dootia 


Draconis 


| Draconi. 
1410 40 to ‘Combe, near 2 2S ee Lee | ee ee ee ee ed ee 


on.). ue 


li 9 12 pm. Greenwich ialealalalel | =3rd mag.* alee Gluish white.. Lessthan 1 sec. aoe 

tl 
1710 5 p.m. Argeles (Hautes 3 or 4 times ¥ .-- White .........0°5 second .../Emerged i 
Pyrenees iz cloud 2) 


- 


| t and 9 


| 
1710 15 p.m. a ceeserseene’ =SEE MO# y.000-'VelOw ..00e-'l"3 second ... 


| | | Honerias: 
3 


| 

| 

Majors. 
l7 10 25 p-m™. Ibid ¢ Pritt rire = 2nd mag. nee . White as .. From rhe 
| 

| 


To » Cepl 


the way | 


l-4 second . 
| | ! | a at 

ee de = 4th mag.e; then then 10-12 Bnar yr 

Ay) 11 31 p.m. mag.* 5 — ahh 

K) Camel 


> « Lyre. 


tee 
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Direction; noting also 


pearance; Train, if any, Length of | whether Horizontal 
acd its Duration. Path. Perpendicular, or , Remarks. Observer. 
Inclined. 
lyee e+ o0 oo een 5° ccccccscess SCRESHOOHAKOHPEEHescoansnaeneeSsesiscosace BPenseee @eeoes Sveoceenetor Ernest Jones. 
Lyra. VA 
* 
Riri cect SOROSgaaves eeee08e 20° ee ees Nearly horizontal Pee HSel[ eS oeePSPeeogeessSsSHeesevoors Id. 
WHA os sesresesnesenes 5° .cosseooeee/Almost perpendicular...|....... osetevecavacevessessass Arthur Harding. 
Mirus eseedterecees es ensogetsgeee Peooeeeosse Perpendicular eetenten eSnece C808 SOSH HPO ceoeenccehtaseses Id. 
ge tin aseseee rYYeYYT TTT 10° PYUTETT TE AAI ITC IPP ETETELILSILYTITT TTT iri t) Ernest Jones. 
his | Almost perpendicular...|Bright motcor .........,W. C. Nash. 
betrzin seeveess[ecsvonseercsscs[eoessreetececeevers vovceverece|-cetecsccecscccceseeecsssovere| Ernest Jones. 
Ss ee ceccccc|**eectceveccseccescsccocooseeel | DFOC OF four bright me-!J. H. Abrahall. 
teors seen together. 
Shooting-stars by n 
means plentiful. A few 
bright meteors were 
_ also seen on the 13th. 
MA .ssecsorrecsssessees$] 2? sssseees Nearly horizontal; E./Very cloudy; no stars|W. C. Nash. 
to W. discernible. 
fox not seen. ThelLength of,Direction from s Dra-/The meteor lighted up/A. S. Herschel. 
reek remained visible| streak 6°.| conis. the landscape with a 
Beconds. Fasiform, bright flash. 
hing from the ends 
the centre. 
} or sparks ecctee TT TTT TT TTT kh hhh deed ATE dd eveee Id. 
Ri streak for 1 second etecces eenene CeSSeeneasseeseuense PTYTITITTILITITTIPI TTT Id. 
a oa 4th mag. in 30° | scone pocvcccccccccesceseesoorriD he meteor and the Id. 
te half of its fragments gradually 
tte; gradaally in. disappeared. he 


; 10° of its course immediately after the 
“a followed hy four disappearance of the 
& fire distinct balls o meteor. 
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Place of Position, 0" 
é i , ion. Ititud 
Date. | Tour. Observation. | Apparent Size. Colour Duration A ene an 
— —_———_——_ 
1865.;/h m s 
Aug.17/11 51 p.m./Argeles (Hautes|=3rd mag.# ......|White ......... 0°7 second ...|\From A to « C 
; Pyrenees). 


19) 8 40 p.m.jLac de Gaube |=3rd mag.# ....../White .........0°7 second .../From ¢ Aqui: 
(Pyrenees). 


1919 O p.m.|Ibid...... coeaseees =3rd mag.# ......|/White .......+.{0°5 second ...|/First appeared . 
Herculis. 

.|From the xz 

to a point 

on the right 
Draconis. 

22) 8 55 30 |Blackheath ......)= Venus .......0/Blae ....0..../9 seconds .../From a point 

p.m. W Pegasi t 
Trianguli. 


22| 8 59 p.m.|Ibid ..........00... =4th mag.# ......|White ........./4 second ......|Fell from a 7 
in the vicini 


21; 9 12 18 |Greenwich ......|=2nd mag. ....../Blue  ...200... 
p.m. 


24| 8 27 p.m.|Halton, Hastings| = lst mag.+....... ..|Reddish ...... 3 seconds...... Appeared near, 
(Sussex). dromedz, pi 


25] 8 58 30 (Greenwich ......)=2nd mag.# ...... Brilliant blue|Very rapid |From the direc 
pm. motion. of ~ Cassio 


25] 9 34 p.m.lIbid ............00.| = 1st mag.t.........{White .........(1 second ......({Towards hori: 


line connecti 
and 8 Ursz | 
joris. 


25| 9 35 30 [Ibid ....00.........{= 2nd mag.# ......|Blue  ......... 2 second ......\From a point 
p.m. left of » U 
Majoris, in 
direction of 
Bootis. | 
25| 9 41 p.m.jIbid ......... voeas{ = 4th mag.* ......|Bluish white..|Very rapid jPassed betwee 
motion. and « Serpe 
towards > B. + 
25|10 43 30 = {Ibid............... =3rd mag.« ...... Blue ...... .--(] second ......|Passed above 
p.m. Coronz Bore 
in the direci 
of « Serpenti 
26) 0 6 a.m.lIbid............... = 2nd mag.# ...... Blue. ......... 4 second ......\From_ direction 
a Cephei, diy 
peared mear 

Draconis. 
26) 9 10 p.m.|[Dbid .0.........220. = 2nd mag.# ...... Blue  sseseeees $ second ...... From the di 
. tion of » U 
Majoris tu 

Bootis. 

26) 9 35 p.m. [bid ...........000 =3rd mag.* ....../Bluish white ..|Rapid motion..!Passed above «| 
dromede tow; 
y Andromeda 


-— 
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Direction ; noting also 
ppexrance; Train, ifany, Length of | whether Horizontal, 
and its Duration. Path. Perpendicular, or 

Inclined. 


Remarks. Observer. 


oo) ee ee Nearly horizontal ....../Burst about 1 second|Arthur Harding. 
: before disappearance, 


@evenanOtenen tee 


F. Howlett. 


ssesescovecceeocnc|D ecescecccecs Inclined ......... beevenens Arthur Harding. 


SeeSOSoeescacscesecgansgeageesser 


Urs. Maj. 
ree’) 


Urs. Maj. 


Ifrain srventocceeesececcene 11° esecteces Inclined SOOCOT COCO COOO OO sonvecaesocene 
| . 


Id. 


ee.e.| Nearly horizontal, to- 
wards N. 


boxy (ee eea cece ee Seesesee 5°.... Oepoenca(s*seeereresvone hh eed Te vetese eeetCccnsesone Ww. C. Nash. 
btraig teses eeece q° ooneeseen® SeleeReeevsseseosccsosers Secoence CRORE SSHeSSeHeSeoneeToResenS Id. 
rr vecoocl 7 ecececcscees Inclined ....cccorsscoccees|essccccccceccassccsccecessseee /APthur Harding. 
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Position, 
Place of Apparent Size. Colour. Duration. Altitude 4 


Date. Hour. . 
Observation. Azimuth 


1865.| hm s 
Aug.26, 9 52 30 (Greenwich ...... = Venus ......ceeee Blue 00.2... 6 seconds......|From « Cassiq 
p.m. disappearel 

the neigt 

hood of «I 
26/10 4 p.m. [bid ...........000 = 3rd mag.# es... Blue wee... } second ....../From directi 
B Cephei; 

appeared | 

Coronz Bc 


26,10 25 p.m.|[bid ....,.scccccces =4th mag. ...... Blue — ...aeeee. Very rapid {From the da 
motion. of o Urs 
noris to a 
abovea Du 
Perigueux (S. |=3rd mag.# ...... White .oe...00 0°7 second .../To « Hones 
France). of the wa} 
« Cephei. 
[Did ....secccseseee =2nd mag.* ...00 White ......08. 0:7 second ...|From 6 Cad 


27} 8 15 pam. 


27|9 & p.m. 


Greenwich ...... = Ist mag.#....0000. White vceidewss eiciavziexiacnce From a poi 


29) 8 38 p.m. 
altitude; 


APPENDIX. 
I. METEORS DOUBLY OBSERVED. 
(1.) Fireball; 1864, August 31st, 10° 31™ p.m. 


At Exeter, the meteor disappeared at an altitude of 18° in the E.N.E., 
whilst at Frant in Sussex it appeared to move at an altitude of about 50° in 
the W., disappearing 8.W. From Exeter to Frant, the direct distance 1s 
167 British statute miles, and the distance of the meteor from the earth at 
disappearance was from forty-five to fifty miles above Chichester, on the 
coast of Sussex. The character of the data does not permit the investigation | 
to be carried further. 


(2.) Fireball; 1864, November 11th, 5" 35™ p.m. 


The meteor was vertical over the west of Auvergne, where it was seen 10 | 
twilight, and over the valleys of the Lot, Dordogne, and Garonne, in the | 
south of France. It was observed at Hawkhurst, Tunbridge, and West 
Peckham, near Maidstone, in Kent. The height at disappearance, derived 
from the English, compared with the French observations, is forty-five miles, 
between Limoges and Rhodes. The flight, of more than eighty miles, was | 
accompanied by a brilliant streak, which remained visible several minutes 10 | 
the twilight. This was nearly horizontal, directed from between N.E. and .\. — 
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Direction; noting also 
; Train, if any, {Length of | whether Horizontal, 
and its Duration. Path. Perpendiculsr, or Remarks. Observer. 
nelined. 


Ee | ee —— 


[ght (aim .. 200. cceccecees 20° ..eccersfececscsecreccaceescccscsceacs: Very slow motion ...... Arthur Harding. 
OWRD co. -scce-eeece DO. tenerncecslreccsecscccsccecacanecescasces|-sesssecreeeseecnsserseeeoenas W. C. Nash 
UES ....00..-sceeceeeees. 10° .. Inclined ...ccc...cccscecas|secccsceecccccccsccncesceosess Arthur Harding. 
e 

la train G6 Spark ......00+| -.cescccccsses|seccccceccocescesocsresceeess-|sccsscerssresenssseacnseensees A. S. Herschel 
be ‘ran OT SPATKS ......cccjnccccccscncccse|-covscsacccccccscnscnerececnse| covescececescccensseeesoeeres Id. 

Re fGIM. eee eee eclocmeerceccccnce|sereccccctonscnceesnsnesseeess|esteserscesceeteneosccceoness F. P. Trapaud ; 


Ernest Jones. 


(3.) Detonating Meteor ; 1864, November 20th, 9° 50™ p.m. 

Disappeared over the North Sea, not far from the mouth of the Humber, 
off the coast of Lincolnshire. A few minutes after the appearance a report 
was heard near Uppingham, in Rutlandshire, like the discharge of cannons in 
the distance. The descriptions at Manchester, Mobberly, Weston-super-Mare, 
&c., leave no doubt that the meteor was directed from N.E. The detonating 
fireball which occurred under similar circumstances of time and place, on the 
19th of November 1861, was directed from a little E. of 8., or very nearly 
from an opposite direction. In other respects the two meteors resemble one 
another very closely (v. Report, 1862, p. 79). 


(4.) Fireball; 1864, December 9th, 3° 45™ a.m. 


The meteor observed at Manchester disappeared N.E. At Hawkhurst, the 
point of disappearance was 8° above the horizon, N.N.W. The situation of 
this point is therefore fixed. The flight was directed from the usual radiant 
of the 6th to the 13th of December, between Gemini and Auriga, and thus 
the rest of the flight is easily determined. Path seventy-five miles in 
1-3 second, directed from R. A. 94°, N. Decl. 30°. Velocity fifty-eight miles 
per second. Began ninety miles above Todmorden, in Lancashire. Disap- 
peared thirty miles over York. Although a vivid meteor, no report succeeded 
rea appearance at Manchester. , 

365. K 
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(5.) Detonating Meteor; 1865, February 21st, 9° 25™ p.m. 


Over Perthshire, in the neighbourhood of Perth and Stirling. In Fife- 
shire, a concussion like prolonged thunder was heard in the N. The light 
reflected from the snow had a very imposing effect. The track of the meteor 
was from between N. and N.E., with no great inclination towards the earth. 


(6.) Detonating Meteor; 1865, April 30th, 0* 45™ a.m. 

Observed at Manchester, and Weston-super-Mare, in Somersetshire (vide 
BR. A. 8. Monthly Notices, 1865, June 9th). 

Path seventy-five miles in two and a half, to five seconds, directed from 
azimuth 161° W. from §&., altitude 12°, near the star Capella. Velocity 
twenty miles per second. Began fifty-two miles above Lichfield (N. lat. 52°43, 
W. long. 1° 52’). Disappeared thirty-seven miles above Oxford (N. lat. 
51° 44’, W. long. 1° 16"). The disappearance took place with a flash, at a 
distance of eighty-six miles from Weston-super-Mare, where eight or ten 
minutes afterwards a rumbling report was heard, which lasted a few seconds. 
Sound, with its ordinary velocity of 1090 feet per second, would take seven 
minutes to travel the same distance. This meteor belongs to the few whose 
real tracks are found to lie from the W. to the E. side of the meridian. 


II. Mereoric SHOWERS AND THEIR Rapiants. 


(1.) (BR. A. 8. Monthly Notices, 1864, Dec. 9.) 


The radiants T and AG, (of the list contained in the last Report) were 
conspicuous on the night of the 27th of September 1864. The first, evidently 
an early appearance of F (No. 49 in the same list), remained in force until 
the 6th of October, producing swift white nreteors, almost entirely dissolving 
into streaks. A third radiant, O (No. 48 of the same list), was for the first 
time observed during the occurrence of a considerable shower of ruddy 
meteors, on the night of the 18th of October 1864. The meteors of this 
shower are swift and leave voluminous streaks. 


(2.) November Star-shower. 

The sky was generally cloudy in England on the morning of the 13th of 
November 1864. The following extract from a letter addressed to the 
Secretary, Mr. Herschel, proves that'the shower was observed at Malta on 
the morning of the 13th of November, and that mo trace of it remained on 
the morning of the 14th :— 

8.8. Hllora, off Malta, 1864, November 14. ‘There was a grand display 
of meteors from midnight to 4" a.m., all through the watch, the night before 
last. The watch, an old ‘salt,’ and an intelligent man, said that it was the 
grandest shower he had ever seen, and that the whole watch had been look- 
ing at them with delight. There were no very striking ones, and none burst. 
Last night [Sunday night] I watched till 11" 30™ myself, and told the watch 
to wake me up if any were seen, and at all events at 5 o’clock. He did », 
but reported that not one single one had been visible. The sky wes clear 
enough, but bright moonlight. I looked out a little while, but not a single 
shot. The watch told me in the morning that there had not been a single 
one visible till daylight.” , 


(3.) (R. A. S. Monthly Notices, 1865, March 10.) 


Two fireballs, on the 9th and 13th of December 1864, were shown to be 
conformable to G, the general radiant of smaller meteors, which reaches its 
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maximum about this period. The radiant coincided, as in the previous year, 
vith a pont between 7 and § Geminorum, co 


(4.) Star-showers of April, July, and August. 


The numbers of meteors recorded on the nights ef the 1st-2nd of January, 
19th-20th of April, and 10th—-11th of August, in the year 1865, were not 
greater than ordinary. The return of these well-known star-showers was 
either altogether wanting, especially in January, or very inconsiderable, as in 
Apnl and August. On the lith, 12th, 13th, and 14th of August, a few 
meteors were observed. Several large meteors appeared on the night of the 
25th of April 1865. The same was also noticed by Sir John Herschel on the 
2th of April 1843 (Proceedings, Brit. Met. Soc. Jan. 1865; p. 314). 

During s considerable shower of meteors on the 28th of July 1865, a 
raiant of novel and interesting character was observed at Hawkhurst. The 
tew radiant was situated close to Fomalhaut, and belongs properly to the 
southern hemisphere. The letter H, omitted by Dr. Heis from his nomen- 
eature of radiant-points, is chosen to designate the shower. 

Epoch of the shower; 1865, July 28-9. Position; R. A. 338°, 8. Decl. 28°. 

The following extract from Sir James C. Ross’s ‘ Voyage to the Southern 
bas’ (vol. i. p. 98), may be noticed in connexion with this shower. 

“H. M.S. Lrebus, 8. lat. 47°, E. long. 97°, 1840, July 28th to 29th. The 
fe continued all night with a heavy cross sea; there was much lightning 
to the eastward ; meteors in great numbers were seen darting about in all 
directions, and the whole aspect of the sky proclaimed a convulsion or dis- 
turbance of the atmosphere of an unusual character.” 

The position of Fomalhaut above the horizon, at the time and place of this 
observation, on board the ‘ Erebus’ was 17° from the zenith. Only one such 
meteor was observed at Hawkhurst on the night of the 29th. 


(5.) General Radiant-points of shooting-stars (Proceedings, Brit. Met. 
Soc. 1865, Jan., vol. ii. p. 302). 

A hst of fifty-six General Radiant-points of shooting-stars, which appeared 
in the last Report, was founded upon a series of charts prepared by Mr. Greg. 
The accompanying reduced engravings of meteor tracks contained in three of 
these charts, illustrate four of the most interesting general radiant-points of 
thooting-stars occurring in January, February, and March. (Pp. 124, 125.) 

The radiant A G, (fig. 1.), near Aldebaran (No. 3 in the list), embraces the 
period from Dec. 21 to Feb. 4. A remarkable display of it was first noticed 
by Mr. Herschel, and by other observers, on the night of the 24th of December 
1861. (Report 1862, pp. 40, 80.) 

M, (fig. 2) represents a radiant between Leo Minor and the head of Leo 
(No.7 in the list), enduring from February 4th to 26th, and having a tendency 
a maximum on the 13-15th of the month. It was first noticed by Mr. Greg, 
Mr. Herschel, and Mr. Wood, in February 1863. 

In other showers no tendency to a maximum can be perceived. The 
ndiants M,, M, are of this kind (Nos, 14, 15 in the list), and form a double 
ortwin radiant (fig. 3), advancing, with the time, across the principal stars of 
Una Major, from March 3rd to 31st. The same radiant afterwards advances 
us far as the last star in the Tail of Urea Major, presenting an interesting and 
vell-established instance of the same meteoric shower enduring (from March 
dd to June 2nd) a period of thirteen weeks, and having a radiant advancing 

throughout the interval in a right line. 9 
x 
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(6.) Shooting-stars observed at Miinster, 1864-65. 
Simultaneous observations by Dr. Heis and his assistants were continued 


Fig. 1. 


from the 27th of July to the 10th of August 1864, and from the 27th of July 
to the 9th of August 1865, at Miinster, Peckeloh, Gaesdonck, Lippstadt, and 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 125 


Papenburg. The situations of these places, with the exception of Lippstadt, 
E. long. (from Greenwich) 33™ 20*9, N. lat. 51° 41', and Papenburg, E. long. 


Fig. 3. 


* | a 
ff a + ——————— af bs 
<i} rt a peg! : | 


(fom Greenwich) 29" 31*0, N. lat. 53° 4! 30", are given in the Report for 
rie The comparative observations given in Tables I. and II. (p. 126) were 
ae | 


No. 4. Length of Path ninety-one miles. 

No. 5. Length of Path sixty miles. 

No. 6. At both stations blue: shot upwards; at Miinster from altitude 51° 
71°, at Peckeloh from altitude 45° to 56°. 


The radiants observed at Miinster in the year 1865 were as follows :— 


N, .a==310°, 3= 481°) ; 
1865, Apr. 15-29 ‘ M2175" 3 : 54°} in all 38 meteors. 


From A came 26 meteors=21 per cent 
1865, July 27 to 9 B 9 43 ” =35 ” 
Aug. 10. » N 5 » =m 4 ” 


», Uncertain radiants : 49 , =40 ,, 
In all 123 meteors. 
ITI. Lares Mereors. 
(1.) 1864, September 24th, 12" 20™ (noon). Tarbes (8. France). 


The occurrence is described in the ‘Comptes Rendus’ (for 1864, October 3rd 
tnd 10th). The meteor presented the appearance of a ball of fire moving with 
the sapidity of a flash of lightning, and leaving a cloud of smoke for several 
minutes. It was seen in broad day as far south as the Balearic Islands, and 
“ far north as Nérac, and Couzon in Creuse. The point of disappearance was 
nearly over Tarbes, and the flight assigned by M. Le Verrier is forty miles 
high above the Department of Gers. The following extract of a letter from 
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Average heights of 14 Meteors............+.+5 eessscoseseccresene bosevacsecens tessceeesssens 82 6l 
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Taste I1.—Heights of Meteors, 1865, July 27th to August 9th. 
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a resident at Pau to a relative in England, describes the character of the 
meteor:— . . 

“ Pau, 1864, October 6th. On Saturday, 24th September, the day before 
Tarrived here, M— heard in the house, like many others, a loud report 
(louder than any cannon). The report was so loud says another, sitting in 
the English Club, that he thought the windows were smashed in. Another 
eyewitness here at Pau says he observed 4 flash of light in a dark cloud, fol- 
lowed immediately afterwards by a tremendous detonation. The enclosed 
extract from the newspaper will give you the description of it as experienced 
at Lembeye, twenty miles distant from this (see Catalogue). The detonation 
was also heard startlingly loud at Orthez, twenty-four miles from this; also 
at Monein, twelve miles from this, and at Mont-de-Marsan. These places 
are relatively situated thus (see fig.). At Monein they thought the houses 
were coming down about their ears. I cannot discover that any meteorite 
a SE LIBRA DS 

oe ES 
Aas ct mn? ay 
a" f v TT S{TTy 


. 
. 


as 4 Ad 


CD) te 


; Monein. Pau. 
(2.) 1864, August 10th, 6° p.w. Island of Milos (Cyclades). 

A detonating meteor appeared over Milos and the Cyclades thirteen minutes 
before sunset, in full sunlight, leaving a cloud of smoke for more than a 
quarter of an hour. The meteor was seen at Athens, and the streak was 
nsible sixteen minutes. The heights at appearance and disappearance are 
estimated by Dr. Julius Schmidt at twenty-five and twenty-three English 
niles respectively, over AEgina and Paros. The direction was from Leo, and 
the velocity about thirty miles per second. Stones are reported to have 
fallen upon the island of Polinos, but their meteoric character is not con- 
firmed. The detonation was heard at Milos, where the train of smoke was 
able more than a quarter of an hour. 


(3.) 1865, February 9th, 6° 50" p.m. Salem, Carnatic (8. India). 


The following extract of a letter from an English gentleman residing at 
re, situated on the high road from Bombay to Madras, was received 

by Mr. Herschel from a relative in England, to whom the letter was 
“Bangalore, 1865, February 10th. We have had a splendid meteor. I 
was walking with H—, and at firet I thought it was a blue light. It came 
perpendicularly down; at first it was bright blue, then purple, and at last 
deep red. It lit up all the country with just the same glare that a blue light 
mékes. Everything could be seen most distinctly. At Salem*, I read in a 
hewspaper it was accompanied by a noise equal to 100 cannons. You could 
tee the trace of it for nearly five minutes after. The moon was up, and 


* Salem, in the Carnatic, is eighty miles 5.8.E. from Bangalore. 
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the body itself was larger than it. My boy told me it only comes when 
a king dies, and curiously enough we hear that the Rajah of Mysore has 
just died.” 


IV. Mereonrres, Srpenires, Siperoirres. (See also V. (5) to (8.)) 


(1.) 1863, December 10th, 3" a.m. Trebizond (Asia Minor). 


Three days after the meteoric fall of Tourinnes-la-Grosse, and five days 
after the largest meteor described in the Catalogue of the last Report, a de- 
tonating meteor of very unusual character passed over Samoronitza, near 
Trebizond. The meteor descended with a report equal to a hundred cannons, 
into a wood near Inly (twelve miles from Samaronitza), which it set on fire. 
A thick fall of snow following, a few fragments, only, of doubtful meteoric 
character, could be recovered on the 6th of March 1864. The real substance 
of the meteorite appears to have eluded search; from its pulverulent or 
otherwise easily destructible nature*. Large meteors on the 3rd, 9th, and 
13th of December are described in the present Catalogue. They indicate a 
return of this aérolitic period, rendered famous by the earlier falls of Benares, 
Wold Cottage, and Weston, and by the recent fall of Montrejeau, near Tou- 
louse, on the 9th of December 1858. 

Incendiary meteors have twice been recorded to have taken place upon 
the 13th of November. The first instance is described in the ‘ Astronomische 
Nachrichten’ (vol. vil. p. 107),—a meteor which fell near Prague on the 
13th of November 1829, and burned the surface of a field brick-red. The 
second meteor set fire to a barn at Ain, in France, on the 13th of November 
1835. The “phosphorescent lines of light” observed in great numbers in 
the great November shower of 1833, are perhaps meteors of the same 
description. | 

Among the municipal records of the town of Ludlow, in Shropshire, there 
is preserved, in vellum, a roll of bailiffs from the time of Queen Elizabeth. 
Under the date 1594, occurs the following passage :— 

‘‘A greate barne in Lempster [ Leominster, Hereford] fired by a comett, and 
burned 15 dayes.” 

The occurrence must have created considerable sensation at the time, or it 
would not have been recorded in such a document; and the writer of the 
record certainly lived at the time, and in the neighbourhood. 


(2.) Siderites. 

Two large blocks of iron at Western-port, near Melbourne (Victoria), 
weighing 5 to 6 and 14 tons respectively, have been examined tn situ by 
Dr. Neumayer, who supposes them to be of meteoric origin. The larger 1s 
now in the British Museum. A third, weighing 14 ton, has been transported 
to Melbourne from the Dandenog hills, sixty miles east of Melbourne, and 
some miles to the north of Western-port (Vienna Acad. Sitzungsber., 1861, 
April 18, and June 6). _ 

A portion of metallic iron labelled ‘native iron” in the Museum at 
Ziirich, has been recognized by Dr. Haidinger as a fragment of the meteoric 
iron of Steinbach, in Saxony (Vienna Acad. Sitzungsber., 1864, April 28). 


(3.) Sederolites. (Vienna Acad. Sitzungsber., 1864, May 12.) 
A large block of mixed meteoric iron and stone (Siderolite), similar to the 


* Vienna Acad. Sitsungsber., 1864, April 28. _ 
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meteorite of Hainholtz, has been discovered near the Sierra de Chaco (Chili), 
in the neighbourhood of the celebrated locality of meteoric iron of Atacama 
(Comptes Rendus, 1864, Mar. 28). 

A new specimen of meteoric iron, weighing 20 cwt., is described at 
Toconado, 120 miles north of the former locality of Atacama, where the iron 
is exhausted. A breccia-like fragment of similar iron and stone, found at 
Copiapo, 300 miles south of Atacama, has been examined by Dr. Haidinger. 
The included minerals contain a larger proportion of nickel than the iron by 
which they are surrounded. 


(4.) Aérolites. 


M. Wohler, who in 1860 analyzed the aérolites of Cold-Bokkeveldt, and 
Ksba (Vienna Acad. Sitzungsber., 1860, July 5), reports the analysis by M. 
(lies, of the meteorites of Orgueil. Besides the usual inorganic constituents, 
they contain 6 per cent. of a black amorphous organic substance, composed 
of the organic elements, carbon, hydrogen, and oxygen, in proportions quite 
smilar to those in which they occur in lignite and peat; in other words, a 
veritable Ausmus. M. Wohler infers from all the facts that wherever meteo- 
ntes originate, organic matter,—and hence probably, also, organized matter— - 
must have an existence. 7 
(3) Catalogue of the Collection of Meteorites belonging to R. P. Greg, Esq., 

Manchester. 


The meteorites in this Catalogue are described under a new system of ar- 
mogement, based upon those of Shepard and Rose, and altered so as to 
bring similar meteorites together by their resemblance to different terrestrial 
minerals, Great uncertainties still exist in the classifications adopted by 
Shepard, Rose, and Reichenbach, over which this natural system of arrange- 
ment in many instances possesses an advantage. ' 


VY. Papxns BEARING on Mrrgortc AsTRoNoMY. 
(1.) Cold days in February and May. ; 


Brandes, at the beginning of the present century, first pointed out the 
existence of a hesitation in the curve of temperature of the air about the 
12th of February. Midler, in 1834, drew attention to a similar depression 
oftemperature about the 12th of May. Erman, in the year 1840, aseribed 
these cold days of the year to the obscuration of the sun by the passage of — 
meteorites across its disk. At the opposite extremities of their orbits, one 
mng of these meteorites furnishes us with the meteors of August, another 
passes us in November. At these latter periods, M. Petit has shown that 
the temperature of the air undergoes a small but appreciable elevation. In 
support of _Erman’s theory, M. Ch. 8S. C. Deville cites the mean temperature 
at Paris of the cold and warm days in question for fifty-seven years from 
1906 to 1863 (Comptes Rendus, 1865, Mar. 27): M. Faye remarks upon this 
mode of accounting for the anomalies in the temperature of the air, that the 
theory must be received with caution. A slight glance at Mr. Glaisher’s 
Table, showing the adopted mean temperature of every day in the year, as 
determined from all the thermometrical observations taken at the Royal Ob- 
*tratory, Greenwich, in fifty years, from 1814 to 1863, is sufficient to show 
that a great break in the continuity of the temperature-curve, perhaps the 
most remarkable of any in the year, takes place at the end of November, 


130 REPORT—1865. 


causing a maximum of temperature on the 3rd of December, which cannot 
be explained by any regular appearance of meteors at that date. 

M. Le Verrier communicates to the Academy of Paris the observation, at 
Constantinople, of a black body seen to cross the disk of the sun in forty-six 
minutes, between 9" and 10" a.m. (local time), on the 8th of May 1865. The 
observation adds interest to the former paper on the remarkable variations of 
temperature in the months of spring (Comptes Rendus, 1865, May 29). 


(2.) Heights, and Numbers of Meteors (Am. Journ. Sci. vol. xxxix. p. 193, and 
Mem. Am, Acad. 1864, Aug. 6). 


From the table of heights of meteors contained in the Am. Journ. Sci. (vol. 
xxxviii. p. 135*), Professor Newton estimates the mean height of the centre 
of the paths of shooting-stars above the earth to be 95-55 kilometres, or not 
quite sixty miles (see also ‘Les Mondes,’ vol. v. p. 756). Their distribution 
at other altitudes above the earth’s surface is plainly indicated by the 
following Table :— 


From 19 to 38 miles ( 30 kilom. to 60). Total 114 meteors. 
» 38, 56 , ( 60 9 90). », 243 29 
» 56, 75 4 (90 4 120). 4 277 , 
39 75 99 94 99 (120 +] 150). bP 106 33 
» O4,,112 ,, (150 »» 180). » 587 55 


A consideration of 1393 meteors (recorded by about forty observers) shows 


that the whole number of meteors visible at one place is 50-35 times the — 


number visible within 10° of the zenith, and therefore 50°35 times the 
number of meteors occurring within this cone. If m represents the hourly 
number, N the total number visible over the whole earth in the same time, it 
is shown from the law of distribution in altitude, already stated, that 


=10,460 x m. 


Thirty meteors per hour in all the sky, concluded from the careful obser- 
vations of M. Bouvard (Comptes Rendus, xiii. p. 1029), is not too large for 


the mean value of m. It may therefore be concluded that the average 


number of meteors traversing the atmosphere daily, and large enough to be | 
seen with the naked eye on a dark clear night, is more than seven and a half | 


mellions. 
The number of such meteors traversing a space equal to the sphere of the 
earth (radius R), at any moment, with an average relative velocity (V), 1 


116:2 x 7 meteors, omitting the effect of the earth’s attraction. 


The average length of flight of shooting-stars is 12°°6. The mean distance 
of the centres from the observer is upwards of ninety miles, the average 
length of path upwards of twenty-five miles, and the average velocity calcu- 
lated from a mean duration of 0°45 second, is at least forty-eight miles per 
second. If, however, the average velocity is only thirty miles per second, it 
follows from this formula that in each volume of the size of the earth, on 
the track of its orbit about the sun, there are as many as 13,000 meteoroids, 
large enough to furnish shooting-stars visible to the naked eye. 

Of telescopic meteors, it is shown that their numbers are at least forty-fold 
as great. 

* Mispririted vol. xxxvi. in Appendix ITI. of last Report. 
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Their average velocity, greater than that of the earth, implies that the 
meteoroids arp not closely grouped about the earth’s orbit. That they are 
grouped to some law is, however, altogether probable. 

Ist. They may form a number of rings, like the August ring, cutting or 
peesing near the earth’s orbit at many points along its track. The sporadic 
shooting-stars may be outliers of such rings. 

dnd. They may form a disk in or near the plane of the orbits of the 
planets. 

ard. They may be distributed at random like the orbits of the comets. 

According to the first of these suppositions there should be s succession of 
radiants corresponding to the several rings. Dr. Heis and Mr. R. P. Greg 
believe that they have detected such a series. Continued observation di- 
rected to this end will probably decide whether the meteoroids belong entirely 
or mostly to rings. 

The meteoroids neither belong exclusively, nor even largely to a disk, or to 
slenticular-shaped group about the sun, like that which the zodiacal light i 18 
often supposed to indicate. ‘The orbits of their rings are not in general cir- 
cular, as may be inferred from their great velocity, but resemble more the 
white of the comets. Finally, they cannot be regarded as the fragments of 
former worlds, but may rather be described as the materials from which new 
walds are forming. (See pp. 135, 136). 


(3) Streaks, Detonations, &o. of Meteors (Vienna Acad. Bitzangsber. 9 
1864, November 10th). 


From a carefully revised catalogue of 2950 meteors in the northern hemi- 
here, the percentages of detonating, caudate, and aérolitic meteors are sepa- 
nately determined by Dr. Julius Schmidt for every month. The percentage 
of detonating meteors in August is three times less than in March. The 
greatest percentage of aérolitic meteors is observed in May, when the per- 
centage of caudate meteors is the least. On the average of the whole year, 
diferent coloured shooting-stars are observed in the following proportions :— 


 White....75°8 per cent. Red ....5°7 per cent. 
Yellow ..15°9 __,, Green ..2°6 __s,, 
The average durations in seconds, for the different colours, are as follows :— 
White meteors... .0°775 seo, Red meteors ....1°905 sec. 
Yellow meteors ..0°921 ,, Green meteors ..3-127 secs. 


If the meteor of the 18th of October 1863 is omitted from the thirty- 
two green meteors, included in the last average, the average duration of the 


rmaming thirty-one green meteors is 2°584 secs, 


(4.) Meteorological Observations at the Flagstaff Observatory, Melbourne, 
Victoria, 1859 to 1862, p. 137. 


From the mean of 1428 meteors observed in 668 hours, in three years, 
Dr. Neumayer concludes the following hourly numbers of meteors at Mel- 
bune, in the diffarent months :— 


January 21 Aprill-4 July 27 October 2:9 
February 1:9 May 1:9 August 2:7 November 1:7 
March 1-7 Tune 28 §§ September 2°56 December 2:8 
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The following hourly numbers were observed at seasons when meteors were 
most frequent :— . 
Between Jan. 25 and 27 5-0 Between Aug. 31 andSept.4 43 
» vune 2 , 10 41 » Dee ll , , 13 45 
» duly 26 , 31 75 ” » 23 oy 4 20 52 
»  Aug.13 , 18 78 
It may be noticed that, at Melbourne, meteors at the latter end of July 
are nearly as abundant as in August. 


{5.) Inferences and Suggestions in Cosmical and Geological Philosophy. New 
Theory of the Origin and Formation of Meteorites. By Professor E. W. 
Brayley, F.R.S. 

Professor Brayley, a Member of the Committee, communicated to the Royal 
Society on the 23rd of February last (1865), a paper entitled “ Inferences and 
Suggestions in Cosmical and Geological Philosophy,” an abstract of which was 
read on March 23rd, and appears in the ‘ Proceedings’ of the Society, No. 73, 
vol. xiv. p. 120-129. In this paper a new theory of the origin and formation 
of meteorites is enunciated. , 

In the introductory section, the author calls attention to the fact that the 

position, powers, and functions of the Sun, as the physical centre of the solar 
system, are peculiar, and in fact unique. The “ Primary Induction” from. 
them,—indicating, in his opinion, “the principle of philosophical investiga- 
tion” which should be applied to the Sun,—is conceived by him to be ‘‘ That, 
they imply a corresponding uniqueness and peculiarity in its constitution, | 
characterizing also the nature as well as the disposition of the substances of 
which it essentially consists. But the particular density of the Sun indicates 
that it actually consists both of ponderable and imponderable matter. The 
nature of the former as constituting apparently its relatively exterior regions 
[is] believed to be made known in part by Professor Kirchhoff’s researches in 
Prismatic Chemistry applied to the Sun, as showing that some of the ele- 
mentary substances of the Earth exist also in the Sun” ®, 
' The author proceeds to state some of his reasons for believing “ that, as 4 
class, the stars are the most ancient objects in the creation, and also (each in 
its own sphere of action) the origins of the series of physical agencies aud 
processes by which the planets and other classes of heavenly bodies were 
finally produced and are maintained.” This being admitted, he infers that 
the original production of ponderable matter takes place in the stars, and in 
our Sun as one of them—a conception to which he had been led by the pre- 
ceding and other considerations long before the application of prismatic che-— 
mistry to the Sun. 
_ The energy set free in the condensation within the Sun, of matter in i 
highest and most elementary character, of course imponderable, which 1s 
conceived by the author to be essential to it, into ponderable matter (an ex- 
pression which is shown not to be a solecism) and eventually into the me- 
tallic vapours which the observations of Kirchhoff and other spectroscopists 
have discovered in the Sun and other stars, is inferred to be at onco the ex- 
olusive proximate source of the heat and light and other energies of the Sua, 
and (in our solar system) the only and universal origin of ponderable matter, 
the absolute synthesis of which, from its imponderable elements, is thus be- 
lieved to take place in the Sun. ' 

In the second section, the “ Cause and Nature of the Phenomena called the 


* Syllabus of Lectures on Astronomical Physica, delivered at the London Institution in 
1864, cited from a revised edition, printed for private use. Lecture V. 
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Solar spots”’ are considered. The energy arising from the transition from im- 
ponderable into ponderable matter, will in part become, it is here said, the 
centrifugal or projectile force by which the torrents of matter (finally assum- 
ing the gaseous form) so produced, are impelled through the denser envelopes 
of the Sun, causing the spots and the other phenomena of ebullition of which 
the photosphere is the seene. 

The next subjects of discussion are 


The Origin of Meteorites, Series of Physical Processes of which they are the 
result, and ther Functions in Nature. 


The vapours of metallic and other elementary matter evolved or discharged in 
the ebullition of the photosphere of the Sun, partly remain upon the Sun, consti- 
tating ite atmospheres®, but are principally aggregated into masses of immense 
magnitude (terrestrially speaking), of the nature of bubbles. Having undergone 
a certain amount of condensation, these first become visible to us as those particles 
the collective brighness of which reveals to us the existence of the zodiacal light, 
aad are, in fact, the matter separated from the Sun’s equator by rotation. These 

icles, termed by the author meteoritie masses, are projected from the zodiacal 
ight by the force to which its variable extension is owing, and are further gradual! 
cadensed doring their passage through the interplanetary spaces into the liqui 
and solid atate, constituting eventually the nuclei of meteors, which are finally 
Pripitated upon the Earth (and doubtless upon the other planets) in the form of 
RITES 


The sudden outburst of light over a solar spot, witnessed on September 1, 1850, 
by Mr. Carrington and Mr. Hodgson, the author regards as a fact confirmatory of 
this view, and as having been the consequence or accompaniment of the produc- , 
tion, and the transfer with immense rapidity from within to without some exterior 
region of the Sun, of a meteoritic mass, or more probably of an immense congeries 
of such masses, enabled by ita consisting of ponderable matter to manifest the 
higher temperature and consequent greater ffulgenc of the interior regions of the 
luminary, whence it was originally derived. Certain phenomena before recorded 
by astronomers, but not yet understood, are probably of the same nature. 

The structural characters of meteorites are those of budies which have been origi- 
nally condensed from heterogeneous vapours—the mingled vapours of uncombined 
elementary substances variable in their nature, and requiring different temperatures 
for their maintenance in the gaseous form, but all existing originally at a very high 
temperature ; and their adequate investigation may afford, as an mentum: 
eves, an independent confirmation of Kirchhoff’s discovery, and of the truth of 
the epectrum-analysis of the composition of bodies distant from us in space. They 
comist, mineralogically, of two groups, meteoric iron and meteoric stones, forming, 
however, by graduation into each other, as first pointed out by the author many 
years since, one series of bodiest. The intermediate examples, and indeed most 
of the stones, are aggregates of earthy matter partly in the cr ine and partly 
(as Mr. H. C. Sorby has shown {) in the vitreous state, and distinct portions of 
metallic iron alloyed with other metals. They are, in fact, always heterogeneous 

tes, in conformity with the origin here assigned to them. While, as a 
clas, meteorites are perfectly distinct from all terrestrial rocks—the presence of 
metallic iron as a mineral constituent imparting to them, indeed, a character which 
la perfectly unique —some of their constituent minerals, and all the elementary: 
tabstances of which they are composed, are such as are found, but differently asso- 
ciated, in the Earth’s crust, although there are many other terrestrial elements 
which have not yet been discovered in them. 

“Ten, or perhaps more, of the elements of the solar atmosphere,” according to 
Kirchhoff and Angstrim, “are also those of meteorites—iron, nickel, cobalt, chro- 
miam, and magnesium being characteristically such. But the non-metallic base 


® Companion to the Almanac for 1864, p. 46; for 1865, p. 53. 

¢ Annale of Philosophy (January 1824), second series, vol. vii. p. 73; Philosophical 
Magazine (December 1841), third series, vol. xix. p. 501. 

$ Proc. Roy. Soc., vol. xiii. p. 333. Article V. (7) of this Appendix. 
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silicon, which, in union with oxygen as silica, is an abundant and equally charac- 
teristic element of meteorites, is absent in the Sun, according to our present know- 
ledge, in which also other elements of meteorites, including oxygen itself, are not 
known to be present”*. It cannot be doubted, however, that by the further pro- 
secution of spectrum- is, other elements will be discovered in the Sun. It 
must be remembered also that our knowledge of meteorites is confined to a few only 
of those which have fallen upon the Earth, and that during a very small space of 
time, physically spealting, not exceeding a few thousand years, or ape even not 
many centuries; while the synthesis of ponderable matter in the Sun may reason- 
ably be supposed to vary from time to time as to the particular chemical elements 
produced. A remarkable and instructive fact, in the actual condition of science on 
this subject, is that the metal iron is now known to be an abundant and character- 
istic element of the Sun, of Meteorites, and of the Earth. 
harmony with these views on the origin of meteorites is a recorded, but per- 
haps hitherto unpublished opinion of Sir H. Davy, that they originally consist of 
the metallic and other combustible bases of the earths and alkalies of which me- 
teoric stones are principally com But whether the oxidation of these bases 
is effected in the s atmosphere, as he also suggested, or whether in some cases, 
though not in all, oxygen is present in the original assemb of elementary 
vapoura, and combines with certain bases, and with portions of others, as the con- 
densation proceeds, is a difficult question. The latter theory may be thought to 
agree better with the entire series of phenomena presented by meteors, and with 
© constitution of meteorites as a iar class of mineral aggregates ; but some 
facts relating to either branch of the subject tend to support the former. Both 
may be true to a certain extent. The facts, however, that scarcely any oxidation 
of the iron meteorites has taken place, and that there are no meteorites which con- 
aist principally of oxide of iron, while there are some in which metallic iron and 
y matter (oxides) are present in nearly equal proportions, but that even in 
these no exceas of oxide of iron occurs, are opposed to the supposition that meteor 
ites have derived any considerable part of their oxygen from the atmosphere; with 
which also the existence of sulphide of calcium in certain meteorites is incon- 
sistent. 

In what part of space between the zodiacal light and the Earth the final conden- 
eation takes place is not at present determinable. It would seem that these masses 
must retain much of their original heat, and therefore to a great extent an aériform 
or vaporous condition (though one of greater density than that in which they left 
the Sun, or even the zodiacal light, an mingied with liquid or solid matter as just 

) in the interplanetary spaces where the ether alone exists, and thst 
their entire conversion into a liquid and finally a solid form may not occur until 
their arrival in a region of positive cold in the vicinity of the Earth or other planets 
Mr. Sorby has lately inferred, from the equable manner in which mineral ingredients 
greatly iffering in specific gravity as well as fusibility are mingled in meteorites, 

t their formation must have taken place in some physical locality where the 
force of gravitation is small; “that they come either from the outside of a very 
small planet much less than the moon, or else from the tnterior of a larger planet 
since broken up”t. The first inference is in perfect accordance with the theory of 
meteorites announced in this paper; for it is evident that the force of gravity 2 
the original meteoritic masses must be very small, quite inadequate to interfere with 
the disposition within them, and among one another, of their proximate elements, 
however discordant in fusibility or specific gravity. It will follow also that the 


* Companion to the Almanac for 1865, p. 65. 

t Letter to the author [dated July 29, B64. At the Meeting of the British Association 
in September 1964, Mr. Sorby stated his inference in a somewhat different form, suggesting 
“that the fusion and cooling” of metallic meteorites (such as tho Pallas Iron) ‘‘ might have 
taken place in the metallic centre of small independent bodies, where the specific gravity wa* 
nil, the meteorites being fragments of such bodies entering subsequently within the earth's 
attraction, or that each meteorite had been itself a coparate small body cooled in spsce."— 
Quart. Journ. of Science (Oct. 1864) vol. i. p. 747. o last alternative, it will be seen, 1 
exactly the description of a meteoritic mass as contemplated in this paper. The equsble 
diffusion of proximate elements is equally characteristic of meteoric stones]. 
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fmal condensation of these vaporous masses cannot take place either very near the 
San or very near the Earth. 

According to observations of the author already published*, the iron meteorites, 
if not certain single meteoric stones (and most probably also the entire nucleus, 
which in some cases is broken up and falls as a shower of meteorites), have the 
form (resembling that of the meteors themselves, which is nearly that of a flame) 
of the solid of least resistance, or of one derived from it, and received in fact from 
the resistance of a medium they have traversed, but having in general one termi- 
nation, and sometimes the other also, truncated to a variable extent. This would 
sem to prove that they must once have been—as individual masses, and not 
uerely as portions of a body of which they originally formed part, nor as to their 
preexisting materials only—in a fluid or mobile condition. These and other sig- 
nificant circumstances are adduced in the paper as tending to the discrimination of 
the physical changes by which meteoritic masses are affected prior to their enterin, 
the ’s atmosphere, from those which they afterwards undergo within it, an 
from ita action—the conclusion arrived at being that the solid meteorite is finally left, 
with a slight alteration in figure, and however greatly reduced in volume, in the 


wpproximete actual form—that of a bubble elongated by being impelled in a certain 
ion through a resisting medium—in which, when in a gaseous state, it left 
the Sun. ° 


The phenomena of luminous meteors (shooting-stars and fireballs) more or less 
examined by physicists from the latter part of the preceding century (the author 
havi himaelf endeavoured to elucidate certain characteristic phenomena of fire- 
alls by applying to them the results of modern sciencet), but which, since the 
wpearance of the persistent meteor-shower in November 1838, have been so assi- 
dsously observed and discussed by meteorologists, especially in relation to the 
paiodicity they exhibit, are shown to be entirely conformable to the views of their 
origin which are enunciated in this paper. The petrological characters of meteor- 
ites themselves, as recently investigated by mineralogists{, together with others 
before noticed by the author §, are also accounted for by these views, though, with 

to the former, in a very different manner from that hitherto accepted. 

he long-continued study of meteorites and of the phenomena which attend 
their fall, affected by the consideration of the probable synthesis of ponderable 
matter in the Sun, and—since the conclusions of Kirchhoff have been announced— 
the special study of solar physics and chemistry, in connexion with both subjects, 
eppear to the author to justify him in entertaining the hope that he may thus have 
succeeded—by means partly of a new deductive cosmical hypothesis submitted for 
verification, and partly by uniting, and in some cases newly interpreting, preceding 
inductions on particular points of their physical history—in effecting at least the 
spproximate solution of the problem of the origin and formation of meteorites, 
which has been sought by philosophers from the time of the communication to the 
Royal Society, now sixty-three years since, of Edward Howard's paper, demon- 
strating their peculiar nature and establishing the reality of their fall ||. 

In the succeeding section of the paper, relating to the “ Original Forma- 
ton of the Planets,” it is remarked that the only known phenomenon in which 
the process of the formation of the Earth as a planet is actually observed, is 


* First announced in Lectures on Igneous Meteors and Meteorites given at the Ro 
Institution in 1839, and at the London Institution in 1841. See English Cyclopsdia, Div. 
Arts and Sciences, Mrtxors, Iaxzovs or Luminovs, vol. v. col. 604. 

+ See “ A Sketch of the Progress of Science respecting Igneous Meteors and Meteorites 

i , ore ‘‘the Meteorological Society,” May 12, 1824, and pub- 
kebed in the Philosophical Magazine (for October of the latter year), first series, vol. liv. 
FP. 288-292 ; also, Second Supplement to the Penny Cyclopedia, ‘‘Muerzonrs, Ianzovs or 

ovus;” and English Cyclopedia, as referred to in the preceding note. 
Reichenbech, Haidinger, G. Rose, Maskelyne, Sorby, R. P. Greg. 

§ Syllabus of Lectures on Igneous Meteors and Meteorites, delivered at the London In- 

stitution in 1841, as reprinted in Phil. Mag., third series, vol. xix. p. 501, with addition, 


p. 502. 
| Read February 25, 1802; published in the ‘Philosophical Transactions’ for that 
year, part .- . , 
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that of the fall of Meteorites upon it, by which its magnitude is augmented, 
and that by the addition of materials homogeneous with those of its existing 
elementary constitution, being chiefly those chemical elements which are 
present in the greatest quantity in the Earth’s crust, and seem to be most 
essential to its constitution. According to the principle of the adequacy of 
Existing Causes, therefore, we must conclude that the fall of Meteorites is a 
continuation or a residue of the process of formation of our planet, and that 
the Earth was originally produced by the aggregation and coalescence of 
Meteorites, or of greater masses into which they had previously coalesced. 

The “ Theory of the Minor Planets’’ is briefly considered. All the pheno- 
mena they present are regarded as supporting the conclusion that their pecu- 
liar relations and community of character are not, as hitherto supposed, 
effects of their having formerly constituted one heavenly body which has been 
reduced to fragments, but of their being bodies intrinsically of the same 
nature, meteoritic masses in fact, in an advanced intermediate state between 
the condition of meteorites and that of: true planets, in process of gradual 
convergence towards each other, preparatory to their coalescence into one 
greater planet. 


(6.) On the Microscopical Structure of Crrstars. By H.C. Sorby, F.RS. &e. 


(Quart. Journ. Geol. Soc. vol. xiv. pp. 453-500). 


From the size of the vacuities seen by the aid of the microscope in certain — 
cavities contained in quartz, felspar, and other crystalline minerals, it is pos- | 


sible to calculate the circumstances of heat and pressure under which the 
crystals were originally consolidated. On heating the crystals gradually, the 
vacuous spaces gradually diminish and ultimately disappear. Their dimen- 
sions in the natural state are therefore an exact measure of the contraction of 
the incarcerated fluids in cooling down from the originally high temperature 
of consolidation. Great liquid pressures at the time of consolidation tend to 
diminish, and great temperatures to increase the size of the vacuous spaces 
contained in the cavities in their ultimate or natural state. These fluid 


cavities exist by millions in every specimen of ordinary quartz, and cause the | 


opacity of this (and the generality of other crystalline minerals) to the pas- 
sage of the rays of light. Decrepitating crystals are familiar examples of 
their occurrence among artificial products, such as those of salt, sulphate of 
potash, nitre, &c. They are indeed of such universal occurrence in crystals, 
as to form in mineralogy a microscopical test of crystalline aggregation. 

By alternate overgrowths and restorations of the 
crystalline figure in deposition, minute cavities are 
constantly formed, especially when the deposition ,res 
is rapid (fig.2). In these cavities a portion of the 
flux, or mother-liquor, becomes incarcerated. The 
foreign substance by which the deposition is for a 
moment arrested so as to form the cavity is also 
frequently caught up and confined within the 
cavity. The cavities are irregular in size, but 
generally take their figure from the crystalline 
figure of the mineral. After being cooled down 
from the temperature of deposition, the cavities 
exhibit a variety of solid, fluid, and gaseous con- 
tents, as well as a vacuity due to the total con- 
traction of the incarcerated fluid. Various examples of cavities in the crystals 
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of minerals are given in the figures at the end of this paper. These consist of, 
fuid cavities, glass cavities, gas cavities, and stone cavities, according to the 
diferent materials by which the cavities were filled in deposition. The 
coexistence of all of these in the crystalline minerals of igneous rocks, is a 
eertain proof of the combined influence of igneous fusion, aqueous solution 
and gaseous sublimation in the process of their consolidation. The duid 
commonly enclosed in mineral crystals is an aqueous solution of chlorides of 
potassium and sodium, sulphates of potash, magnesia and lime, and free 
hydrochloric or sulphuric acid. It forms in some specimens of quarts, fully 
cae per cent. of the total weight of the minoral. 

If for various specific reasons a dull red heat (680° F.) is adopted as the 
edinary temperature of consolidation of the igneous rocks, lavas, trachytes, 
aad granites, a fluid pressure of 4000 feet of superincumbent rock would 
exactly equipoise the vapour-tension at this temperature of the saline fluids. 
Ifa greater liquid pressure prevailed than this, which would generally be 
the case, no vacuity could be formed within the cavities, until by cooling 
aad contraction the liquid pressure within them should decrease so far as not 
to exceed the vapour-tension of the fluid. If p be the excess of pressure at 
the time of consolidation af a temperature of 680° F., measured in feet of 
sperincumbent rock, v the observed proportion of vacuity to liquid volume 
nthe cavities at 0° C. (32° F.), the equation between these quantities, 
énved from the best data of the elasticity of water, and of its vapour, in 
onbination with saline substances, is briefly 

0-3—v 
p=369,00077G3 + et tt eee + 0) 
If Pbe the total pressure of superincumbent rock, including the vapour- 
tension at 680° F. at the time of consolidation, 
= 4000 + 28,385 (0-3 —¢). 
The contraction of the fluids can be observed with considerable accuracy by 
the aid of the microscope, in cavities that are equiaxial, or else (as in figs. 50, 
101) in such as are long and slender, or very thin and flat. The value of » 
vanes in different specimens of quartz from 0-04 to 0-25, and from these the 
hilowing Table was calculated of depths at which a variety of igneous rocks 
submitted to the microscope were probably consolidated :— 
Depth in feet. 

Trachyte of Ponra . . . . . . . ~~ ~ 4,000 

Elvan of Gwennap . . 1...» - - ~ ~ 18,100 

Granite at St. Austell . . . . . « «. © . 32,400 


Mean of Cornish Elvans .... =. - 40,300 

More recent veins of Aberdeen Granite . - 42,000 

- Mean of Cornish Granites . . . . . . ~ « 40,000 

Elvan, at Swanpool, near Falmouth . . . . . 53,900 

Sranite from Ding-Dong Mine, Penzance . . . age 
ean of the Highland Porph kes . . . . 69, 

Exterior of the main masa of th Abentecn Granite 69,000 


Mean of the Highland Granites . .. . . . 76,000 
Centre of the main mass of the Aberdeen Granite 78,000 


Mean of all the igneous rocks . . . . 49,692 
The greater depths of fhe Aberdeenshire gratrites over those of Cornwall 
(fign, 100, 116), shown in this Table, are conformable to general opinions 
ee these granites, derived from purely geological considerations. 
. L 
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The mean depth of consolidation of all the igneous or gneissoid rocks of the 
Table is nearly 50,000 feet, and a rate of increase of 1° in 85 feet, according 
to the information of Mr. R. Hunt, observed in descending to the bottom of the 
deepest mines in England, would require a temperature of 680° F. (adopted in 
calculating this Table) at a depth below the surface of 53,500 feet, very nearly 
in accordance with the original supposition. 

The molten lava of Mount Teneriffe can hardly be supposed to have an 
actual depth less than that of 30,000 feet. The height of the mountain 
and the depth of the ocean near its western side, indeed, amount together to 
28,000 feet, and if the lava have any lateral extension to a moderate distance 
in the same direction, a few thousand feet of rock must necessarily intervene 
between its surface and the ocean-bed. The igneous rocks, hitherto examined 
in the microscope, appear therefore to have been consolidated at depths com- 
mensurate with those of modern lavas. In other words, granites, trachytes, 
and gneissoid rocks are unerupted lavas of older volcanoes, consolidated by 
loss of temperature, and variously protruded to the surface along with the 
superincumbent strata. 


Explanations of the Figures. The sign of multiplication indicates the ampli- 
fying power employed; in linear measure. 

Fig. 2. (p. 136). A portion of the growing edge of a crystal of chloride of 
sodium, x 200: showing how the fluid cavities are formed. The shaded part 
represents the concentrated solution entering into a deep notch formed by the 
irregular growth of the crystal. The notch may be enclosed by a plane sur- 
face, or, as shown by the dotted line, by the further growth of the crystal, 
and cavities like those upon the right or left of the figure will be the result. 

Fig. 50. A fluid-cavity. 

Fig. 80. A fluid-cavity in the nepheline of a block ejected from Vesuvius, 
x . 

Figs. 81, 82. The cavity, fig. 80, after having been subjected to a more 
or less bright red-heat. 

Fig. 86. A gas-cavity in the nepheline of a block ejected from Vesuvius, 
in a natural state, x 1000. 

Fig. 90. A glass-cavity in the nepheline of a block ejected from Vesuvius, 
x . 

Fig. 91. The cavity, fig. 90, after having been subjected to a bright red heat. 

Figs. 100, 101. Fluid-cavities in the quarts of a Trachyte from Ponsa; 
100, x 2000; 101, x 800. ! 
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Fig. 116. A fiuid-cavity in the quartz of the main mass of granite at 
Aberdeen, x 2000. 

Wig. 117. A stone-cavity in the quartz of the granite at St. Austell, Corn- 
wall, x 1000. | 


(7.) On the Microscopical Structure of MerronitEs. 
By H. C. Sorby, F.B.S., &c. 


(From the Proceedings of the Royal Society, June 16th, 1864.) 


“For some time past I have endeavoured to apply to the study of meteorites the 
nnciples I have made use of in the investigation of terrestrial rocks, as described: 
in my various papers, and especially in that on the microscopical structure of crystals 
(Quart. Journ. 1. Soc. 1858, vol. xiv. p. 453. See the preceding Article). I 
therein showed that the presence in crystals of ‘fluid-, glass-, stone-, or gas- 
cavities’ enables us to determine in a very satisfactory manner under what con- 
ditons the tals were formed. There are also other methods of inquiry still 
requiring much investigation, and a number of experiments must be made which 
ul ocenpy much time; yet, not wishing to postpone the publication of certain 
facts, I purpose now to give a short account of them, to be extended and completed 
oa a subsequent occasion *. 

“In the first place it is important to remark that the olivine of meteorites 
contains most excellent ‘glass-cavities,’ similar to those in the olivine of 
lavas, thus proving that the material was at one time in a state of igneous 
fon. The olivine also contains ‘ gas-cavities,’ like those so common in volcanic 
anerals, thus indicating the presence of some gas or vapour (Aussun, Parnallee). 
_To see these cavities distinctly, a carefully prepared thin section, and a ify< 
ing power of several hundreds are requi e vitreous substance found in the 
cavities is also met with outside and amongst the crystals, in such a manner as to 
show that it is the uncrystalline.residue of the material in which they were 
formed (Mez6-Madaras, Parnallee). It is of a claret or brownish colour, and pos- 
sexes the characteristic structure and optical properties of artificial glasses. Some 
uolated portions of meteorites have also a structure very similar to that of stony 
lsvas, where the shape and mutual relations of the crystals to each other prove 
that they were formed in stu, on solidification. Possibly some entire meteorites 
should be considered to possess this peculiarity (Stannern, New Concord), but the 
evidence is by no means conclusive, and what crystallization has taken place s ste 
may have been a secondary result; whilst in others the constituent particles have 
all the characters of broken fragments tA igle). This sometimes gives rise to a 
structure remarkably like that of consolidated volcanic ashes, so much, indeed, that 
Ihave specimens which, at first sight, might readily be mistaken for sections of 
meteorites. It would therefore appear that, after the material of the meteorites 
was melted, a considerable portion was broken up into small fragments, subsequently 
collected together, and more or less consolidated by mechanical and chemical ac- 
tions, amongst which must be classed a segregation of iron, either in the metallic 
state or in combjnation with other substances. Apparently this breaking up oc- 
curred in some cases when the melted matter had become crystalline, but in others 
the forms of the particles lead me to conclude that it was broken up into detached 
globules whilst still melted (Mezé-Madaras, Parnallee). This seems to have been 
the origin of some of the round grains met with in meteorites; for they occasion- 
ally still contain a considerable amount of glass, and the crystals which have been 
formed in it are arranged in groups, radiating from one or more points on the ex- 
ternal surface, in such a manner as to indicate that they were developed after the 
frarments had acquired their present spheroidal shape (Aussun, &c.). In this the 
differ most characteristically from the general type of concretionary globules foun 
in terrestrial rocks, in which they radiate from the centre; the only case that I 
know at all analogous being that of certain oolitic grains in the Kellowaya rock 
at Scarborough, which have undergone a secondary crystallization. These facts 
are all quite independent of the fused black crust. 


* “The names given thus (Stannern) indicate what meteorites I more particularly refer 
to m proof of the various facts previously stated. 9 
L 
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‘Some of the minerals in meteorites, usually considered to be the same as those 
in volcanic rocks, have yet very characteristic differences in structure (Stannern), 
which I shall describe at greater length on a future occasion. I will then also 
give a full account of the microscopical structure of meteoric iron as compared 
with that produced by various artificial processes, showing that under certain con- 
ditions the latter may be obtained so as to resemble very closely some varieties of 
meteoric origin (Newstead, &c.). . 

‘“‘ There are thus certain peculiarities in physical structure which connect meteo- 
rites with volcanic rocks, and at the same time others in which they differ most 
characteristically,—facts which I think must be borne in mind, not only in forming 
a conclusion as to the origin of meteorites, but also in attempting to explain volcanic 
action in general. The discussion of such questions, however, should, I think, be 
deferred until a more complete account can be given of all the data on which these 
conclusions are founded.” 


(8.) Note on the preceding Articles (5) and (7). By Professor Brayley. 


My friend Mr. Sorby, having resnmed his microscopical investigation of the 
structure of meteorites, privately printed and cireulated a note, dated July 1885, 
“On the Physical History of Meteorites,” in which he gives in a concise form what 
he terms “a provisional theory ” of their formation, announcing also his intention 
to “describe the facts upon which it is founded,” and discuss the “ objections to 
this and other theories in a [future] communication to the Royal Society.” The 
teception of an impression of this note from Mr. Sorby occasioned me to print, also 
for private circulation, a comparison of the physic history of meteorites as in- 
ferred in my own communication to the Royal Society, as above (P- 132), with that 
inferred by him from his new observations of their microscopical structure. This 
was placed in the hands of the officers of the Association, at the Meeting at Bir- 
mingham, but too late to allow of its being read at any of the sectional meetings. 
The present article is a brief abstract of it, with some additions. 

the two most important results relative to the origin and formation of 
meteorites obtained by Mr. Sorby, the first is stated, in his note, as follows :— 

“‘A most careful study of their microscopical structure leads me to conclude that 
their constituents were originally at such a high temperature that they were in & 
state of vapour, like that in which many now occur in the atmosphere of the Sus, 
as proved by the black lines in the solar spectrum.” 

original induction from observed facta, this is in reality a verification, to an 
important extent, of the hypothesis of the origin and formation of meteorites n- 
nounced in my paper. But I had already arrived at, and made public in that pape 
exactly the same conclusions, with the addition that this vapour had actually been 8 
part of the same mass, and was identical in origin, with that forming the atmosphere 
of the Sun, constituted as we believe it to be, on the authority of Kirchhoff and the 
other spoctroscopiste who have continued and repeated his researches (p. 132). 

Some of Mr. Sorby’s subsequent conclusions are also closely parallel to my own. 
“On cooling,” he continues, “this vapour condensed into a sort of cometary cloud, 
which was in a state of great commotion.” This “cometary cloud” is manifestly 
identical in nature with the bubbles or volumes of gaseous matter consisting of 
the vapours of metallic and other elementary substances, which, having undergone 
a certain amount of condensation, are conceived by me to be projected from the 
Sun and through the Zodiacal Light; and their gaseous contents Naving constituted, 
according to my views, the torrents causing the phenomena termed the solsr- 
spots, in the stupendous ebullition of the photosphere, they must necessarily be “10 
a state of pret commotion,” which would be retained long after their projection 
from the Sun. 

Mr. Sorby finally concludes “ provisionally that meteorites are records of the 
existence in planetary space of physical conditions more or less similar to those now 
confined to the immediate neighbourhood of the Sun,” at a remote cosmical period: 
& conclusion which he identifies with “a modified nebular hypothesis.” . 

These physical conditions of planetary space at a former period are those which 
I attribute to the interior regions of the Zodiacal Light as existing now, and of the 
actual nature of which meteorites may be regarded as perpetual records. But I 
believe it may be shown, by a strict process of reasoning, that one of the necessary 
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reults of the “ uniqueness and peculiarity of the position, powers, and functions of 
the Sun, a8 the physical centre of the solar system,” is, that such conditions must in 
the nature of things have been from the beginning, and must ever be, confined to 
it and its immediate vicinity ; that they never have existed, and cannot exist, any- 
where else in the solar system, or in the space which it now occupies. Of the pre- 
sence of the conditions requisite for the genesis of meteorites within, upon, and 
mmediately around the Sun, we have actual and ample evidence, quite independent 
of that which may be derivable from meteorites themselves. But all that can be 
ssid in support of the notion that such conditions could ever extend to distances 
from the Sun comparable to those of the planets, is to adduce the very facta to 
scount for which that notion is brought forward, or refer to what are supposed to 
be the probabilities of the “nebular hypothesis” hitherto unverified. 

I deem myself justified in affirming that Mr. Sorby, iy his microscopical obser- 
rations of the structure of meteorites, has verified the ypothesis of their origin 
snd formation which has been stated in my “‘Inferences and Suggestions” through 
agrest part of their genetic history,—to the extent that is, of their condensation 
from separate volumes or masses (believed to be originally solar bubbles) of aériform 
matter, consisting of the mingled vapours of their chemical elements, at a very high 
temperature, in intense commotion, and existing, or having existed, in planetary 
mace somewhere between the Sun and the Earth*. 

The second most important result of Mr. Sorby’s investigation, is that many 
meteorites have been su jected to a metamorphic action. th , 

“The icles of the come cloud,” he says, “‘ moving wi t velocity, 
| Were oftch broken by collision. ter collecting’ together to form r meee 
_ heat, generated by mutual impact, or that existing in other parts of space through 
vhich they moved, gave rise to a sensible amount of metamorphism. In some few 
cwes, when the whole mass was fused, all evidence of a previous history has been 
obliterated ; and on solidification a structure has been produced quite similar to 
that of terrestrial volcanic rocks.” 

The basaltic character of meteoric stones which Dr. Haidinger and Mr. A. S. Her- 
whel have adduced in support of their conclusion, that they must have been frag- 
mentsof true planets previously existing, to her with the mineral constitution which 
hss led the former inquirer as well as rR. P, Greg to regard them as unerupied 
lavas, are manifestly the results of the metamorphism which some have undergone, 
br the discovery of which, thus announced, science is indebted to Mr. Sorby. at 
while existing as meteoritic masses resulting from the condensation of solar bub- 
bles and froth, and prior to their coalescence into planetary bodies, or becomin, 
the nuclei of meteors, meteorites had undergone metamorphism, or that any whi 
had actually fallen upon the Earth had suffered that process, had never occurred to 
me; although I had been indebted to Mr. Sorby’s kindness and liberality for an 
opportunity of examining his series of sections of meteorites prepared for the mi- 
troxcope, before my paper was communicated to the Royal Society. This discovery 
he removed an amnbigui , which from the time when the resemblance of certain 
meteorites to volcanic rocks was distinctly recognized, has led to continued mieap- 
Pehension of the nature of meteorites in general, and of their genetic history. 

rom this I had been myself preserved only by the conviction, that a gro oup or 
nes of mineral aggregates possessing the unique character that nearly all its 
vrs, even those principally composed of oxides, contained iron in the metallic - 
tate, while some were entirely devoid of oxygen, consisting exclusively of iron 
and other metals, together with uncombined carbon, and also sulphur and phos- 
horus (if not silicon) united merely with portions of those metals, could not have 
tad the same origin with another group, volcanic rocks, which are character- 
ically the results of oxidation, all their proximate constituents being oxides, 
whether simple or compound. It was as evident at least that certain meteoric rocks 
Were genetically independent of the presence of oxygen, as that all volcanic rocks 
Were essentially due to its action ; while the meteorites devoid of oxygen were mani- 


* The four paragraphs which terminate here have already appeared in an article on the 
physical constitution and functions of the Sun, in the ‘Companion to the Almanac’ for 
, in sequence of two others contained in the same work for the two preceding years. 

In the same article are some further considerations (also derived from my privately printed 
ri relative to the meteoritio constitution and physical circumstances of the Zodiacal 
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festly as typically meteorites as those principally com of oxides, and must have 
. originated in the same cosmical process. Metamorphosis alone, it is evident, could 
not have converted meteorites devoid of oxygen into those which consist chiefly of 
oxides, though a process of reduction resulting from the same cause, and going on 
at the same time, might have converted the latter class into bodies resembling the 
former. But the two groups—or rather the extreme terms of the series of Meteoric 
Rocks—differ so greatly in their chemical composition, that the oxidation of the 
unoxidated group would not result in the production of the oxidated, nor would 
the reduction of the latter have produced the former. The meteoric irons must 
have originated either from the condensation of vapour in which oxygen was not 
resent, or under conditions in which its activity was more or leas controled. It 
is highly probable, however, that the most perfectly stony meteorites, those most 
nearly resembling Volcanic Rocks, and in which the smallest amount of metallic iron 
occurs, have ted from a combined process of metamorphosis and oxidation All 
this is perfectly consistent with my inference recently advanced, that the production 
of terrestrial hypogene rocks “would be one of the final results of the Harth’s for- 
mation by the coalescence of meteoritic masses ;”’ an inference which is I believe 
original, and the announcement of which was made previously to Mr. Sorby’s dis- 
covery that some fallen meteorites have already undergone metamorphic action. 


Report on Dredging the Coast of Aberdeenshire. 
By the Rev. Water Grecor, and Rosrert Dawson. 


Tue Committee appointed by the British Association for the Advancement 
of Science, for dredging the coast of Aberdeenshire, having engaged a smack 
belonging to Banff, left that port on Tuesday, the 4th of July. The voyage 
‘was continued till they found themselves off Girdleness, the southern point oi 
the Aberdeenshire coast. On Wednesday evening the distance from land was 
about forty miles, and the depth of water was thirty-eight fathoms, with a bot- 
tom of shingle and broken shells. The vessel was on the bank known as “ The 
Long Forties.” The dredgings from this spot yielded no Arctic fossil shells, 
although they were found in abundance on a smaller bank, which lies nearer 
the shore, and at a distance of from eight to fifteen miles from land. There 
were, however, brought up, in a decayed state, the four most common littoral 
species, viz, Littorina rudis, Purpura lapillus, Solen siliqua, and Mytilus 
edulis, the last being, with one exception, the small shore variety. 

The Committee then sailed in and dredged in depths of forty fathoms with 
a bottom of sand, forty-eight fathoms with a similar bottom, and fifty-seven 
fathoms with a bottom of mud, shingle, and the concreted sand-tubes of 4 
species of Sabellaria, without finding any fossil shells. They continued their 
course N.W. till they sighted the Buchanness Light-House on Thursday 
evening. On Friday, when about ten miles from land, the dredges were put 
out in fifty-four fathoms, with a bottom of mud and shells, The vessel was 
then steered N. by E. for two hours. The dredges were again let down 0 
forty-five fathoms, when fossil shells came up in abundance. During the day 
there was a thick fog, accompanied by torrents of rain. By evening it was 
blowing a strong breeze, and the Committee were obliged to make for Peter- 
head Bay. The weather continued unfavourable till Monday, when the Com- 
mittee again sailed. It being almost a dead calm, little way was made, and 
it was late in the afternoon before it was deemed expedient to throw the 
dredges. About seven miles from land the dredges were let down in forty 
fathoms, when large quantities of fossil shells came up. During the night 
the vessel continued her course N. by E. from Buchanness, and by morning 
(Tuesday. 11th July) was twenty-five miles from land. Here the depth was 
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found to be 65 fathoms, and the bottom mud. Round this spot the dredging 
was carried on for the day. During the afternoon a breeze sprang up, and 
the working of the dredges became impossible. There was nothing for the 
Committee but to return to Peterhead Bay. | 

The portion of the coast explored extends from Girdleness, the southern 
extremity of Aberdeenshire, to a few miles north of Peterhead. There thus 
remains undredged a distance of rather more than ten miles on the east 
coast, and of twelve miles on the north coast, at the entrance of the Moray 
Firth, from Kinnaird to the Banffshire coast. The Committee regret that the 
weather was not more favourable, as they have every reason to think they 
would have been able to accomplish the dredging of the whole of the Aber- 
deenshire coast,.and thus have had the means of presenting to the Association 
smuch faller report than the one now submitted. 

From the soundings, and the nature of the dredgings, the following con- 
cusions may be drawn:—The sea gradually deepens for a distance of eight 
bo fifteen miles, when a bank covered with Arctic fossil shells occurs. The 
depth again goes on increasing, till the bank called ‘‘ The Long Forties” is 
reached. From this bank no Arctic fossil shells were obtained but decayed 
ittoral species. The inner bank is, no doubt, composed of drift. It is 
hishly probable that the outer bank (‘‘ The Long Forties’) was at one period 
an island, or the shore of a continent, which has since been submerged under 
the sea. 

It may be remarked that, along with the littoral species dredged from 
“The Long Forties,” there came up a valve of the West Indian shell, Zwcina 


peatylvanica. 
On referring to the Report of the Committee for dredging the North and 


East Coasts of Scotland, laid before the meeting of the Association in 1862, 
it will be found that the number of Mollusca collected by Mr. Dawson on the 
Aberdeenshire coast amounted to 223 species, arranged as follows :— 


Gasteropoda Prosobranchiata ..............++ 110 

—— Opisthobranchiata ...........0 eee eee 11 
Nudibranchiata.......... 00. c cece eves 8. 

Pteropoda ....... cee cece cece e eee e nv erees 1 

Conchifera Lamellibranchiata ...............- 92 

Brachiopoda .........s ere eeacecneecee 1 

223 


Can that time 36 species have been added to the list, arranged as 
WS :— 


Gasteropoda Prosobranchiata ..............:- 14 
—— Opisthobranchiata.......... 2.2 e eee eees 1 
—— Nudibranciata ............ cc cere ce eee 14 
Pteropoda .. 0... . cece cee eee e ees ce eees 0 
Conchifera Lamellibranchiata .........+.20+4: 5 
Brachiopoda ..........e.eceecsce co eees _2 

36 

Formerly found.............- 223 


Making in all .............. 259 species. 


The most interesting of the newly added species are Cerithiopsis tubercu- 
(2 specimens), Mangelia levigaia, var. (1 specimen), Buccrnopsis Dales 


(1 specimen), Trochus Gronlandicus (1 specimen), Fusus propinquus (several 
ecimens), Odostomia pallida (1 specimen), Propilidium ancyloides, Am- 
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phisphyra, B. 8. (4 specimens), supposed to be the same species as that found 
by Mr. Dawson im shell-sand from Unst, and noticed by Mr. Jeffreys in his 
Report to the Meeting of the Association of last year, Montacuta Dawsoni, 
described by Mr. Jeffreys in the second volume of his ‘ British Conchology,’ 
Pectew striatus, Panopea plicata, Tellina balaustina (a perfect specimen), 
Crania anomala, and Argiope astellula. 

Of the Crustacea a full examination has not yet been made ; but what has 
been done has brought to light several additions of interest and importance. 
Of the Macroura only six species were obtained, viz., Stenorhynchus phalaa- 
gium and S. tenuirostris (many specimens), Inachus Dorsettenis (a few speci- 
mens), Hyas coarctatus, Ebalia Cranchii (several specimens), and Aéelecyclus 
keterodon (one small specimen). The total absence of any of the genus 
Portunus, several of which are somewhat common in the Moray Firth, and 
the extreme paucity of <Atelecyclus heterodon, plentiful on the Banffshire 
coast, are worthy of notice. Of the Anomoura the Pagurids alone have 
been fully examined, and they are as follows :— Pagurus Bernhardus, P. 
Cuanensis, P. Ulidianus (one specimen), P. Hyndmannz (several specimens), 
and another small specimen, not yet identified. Of the Sessile-eyed Crus- 
tacea the examination has not been completed; but the following interesting 
species have been obtained, viz., Chetrocratus mantis and Unciola planipes, 
two species recently described by the Rev. A. M. Norman in the ‘N. H. 
Transactions of Northumberland and Durham’; two Ampelisce, not yet an- 
nounced as British, but described by Mr. Norman as A. levigata and 4A. 
tenuicornis ; Mysis spinifera, not yet recorded as British; and another well- 
marked species, in all probability new. One specimen of Sipunculus Beru- 
hardus was got. | 

The Echinodermata yielded nothing remarkable, except one specimen of 
Brissus lyrifer, which, it may be remarked, has also been found off the 
Banffshire coast, and one of Psolus squamosus, rather common on the Banf- 
shire coast. Besides these the following species were found :—Ophiura tex- 
turata, O. albida, Ophiocoma bellis, O. Ballit, O. granulata, O. rosula, Uraster 
ruhens ; Solaster papposa, Liudia fragilissima (1 specimen), Echinus sphera, 
Echinocyamus pusillus, Spatangus purpureus (many specimens), Amphidotus 
cordatus, and A. roseus (a good many specimens). The absence of Palmupes 
membranaceus and of Goniaster equestris, both rather plentiful on the Banfishire 
coast, is worthy of notice. 

In the examination of the Polyzoa and Hydrozoa little has been done. 
Hornera borealis, a species not found before south of Shctland,.wase observed; 
and two of the Lepralie may turn out to be new. 

Of the Actinozoa four species only were met with, at a depth of fifty-seven 
fathoms, viz. Tealia crassicornis, Stomphia Churchkia (5 specimens), Hor- 
mathia Margarite, and Caryophyllia Smithii (a broken specimen). Of 
Hormathia Margarite the disk and tentacles only came up ; but these agreed 
in every respect with the description given in the ‘ Actinologia Britannica.’ 
The Hormathia lived for several days, expanding the tentacles, and doing 118 
best in the miserable circumstances to enjoy life (!). The smallness of the 
number of the Actinozoa, when compared with the number of species found 
on the Banffshire coast (about eighteen, including the littoral specics), 8 
somewhat remarkable. One reason for the difference, no doubt, is the nature 
of the sea-bottom, that of Banffshire being in many places rocky or, a8 It 
is locally called, “ hard.” 

The few Sponges that were got were sent to Dr. Bowerbank. They con- 
sisted of Polymastia spinula, Hymeraphia stellifera, and a very young Hy- 
menvaculon, which was too immature for satisfactory determination. 
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It may be added that a small Lumpsucker, which the Committee have 
been unable to identify either from Yarrell’s or Couch’s ‘ British Fishes,’ 
was brought up. | 

To complete the dredging of the coast, the Committee would ask a re- 
newal of the grant. They would also suggest that it would be most de- 
arable that their researches should be extended along the coast of Banffshire, 
which has already yielded so many species new to Britain and to science. 
A supplementary Report will be laid before the next Meeting of the Asso- 
dation, | 


An Account of Meteorological and Physical Observations in Three 
Balloon Ascenis made in the years 1864 and 1865 (in continuation 
of twenty-two made in the years 1862, 1863, and 1864), under the 
auspices of the Committee of the British Association for the Advance- 
ment of Science, by James GuaIsHER, F.R.S., at the request of the 
Committee, consisting of Colonel Sykes, the Astronomer Royal, Lord 
Wrottesley, Sir D. Brewster, Sir J. Herschel, Bart., Dr. Lloyd, 
Dr. Lee, Dr. Robinson, Mr. Gassiot, Mr. Glaisher, Prof. Tyndall, 
Dr. Fairbairn, and Dr. W. A. Miller. : 


Taz Committee on Balloon Experiments was reappointed last year, chiefly 
for the following purposes :— 

Ist. To examine the electrical condition of the air, if possible. 

2nd. To verify the law of the decrease of. temperature as found from 
mmmer-day observations, already made, with day observations at other 
seasons of the year, but principally in the winter and adjacent months. 

dnd. It was understood that, in addition, magnetical experiments, when- 
ever possible, were to be made in preference to all others; observations by 
the spectroscope (particularly on the solar spectrum), on the currents of the 
ttmosphere, on solar radiation at different heights, and hygrometical observa- 
hons, though secondary, were to be held very important subjects of inves- 
tzation, and to be followed as far as possible, according to circumstances. 

4th. To make arrangements for observations at night, and to make ob- 
ervations at night, if possible. 7 

With respect to the first of these objects, no further progress has been 
nade; the instrument which was prepared last year, was prepared for use 
with an open-burning flame; this is not admissible with gas in such close 
proximity ; and since the last Meeting I have been in hopes that Mr. Fleeming 
Jenkin, with Mr. Varley and Prof. Thomson, would be able to arrange an 
‘pparatus that might with safety be used; but, owing to engagements in 
‘onnexion with the Atlantic Telegraph Cable, these gentlemen have not yet 


meceeded. 

With respect to the second and third objects of research, some progress 
hs been made, though not to the extent contemplated at the beginning of 

¢ year. 

With respect to the fourth object, having relation to night observations, 
hone have actually been made, but some arrangements have been completed, 
a vhich I will say a few words. 

; uM 
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To take observations in the air at night, it is imperatively necessary to 
have some power of illumination, so that the instruments can be read. 

Very many suggestions have been made for the benefit of the occupants 
of the car; among them phosphorus and the use of glow-worms have been 
mentioned. The latter I feared would lose their luminosity at a low tem- 
perature. The best of all seemed, however, to be a well-made miners’ Davy- 
lamp ; and through the kindness of my friends T. Sopwith, Esq., F.R.S., and 
KE. Potter, Esq., of Tynemouth, two have been most carefully made by Mr. 
H. Watson, of Newcastle, of copper; so that their presence near to magnets 
is innocuous. 

These larps, with their lights burning, have been placed in a volume of 
gas, complecely surrounded by it, without any bad effect following the im- 
mersion ; and what is more important, I have had one of these lamps burning 
during an ascent made on the 27th of February of this year, coming down 
alight—the only difference between with and without the light being that 
in the latter case I had a source of heat to warm my cold fingers, which I 
never had before. 

I consider that at present all necessary arrangements have been made for 
night observations, so far as light is concerned ; and I cannot but regard this 
as an advance, although I have not any results to present of observations made 
at night, and we therefore are still in utter ignorance, without a single obser- 
vation of the processes in operation at night to guide us, at any distance from 
the earth. Such a series of observations, even though only to the height of 
half a mile, would be very valuable indeed. 


§ 1. Instruments AnD APPARATUS, 


The instraments used were for the most part the same in construction a 
those in the preceding year; in addition, however, to them, there was 3 
very fine spectroscope by Mr. Browning, and a delicately mounted magnet 
lent by Capt. Evans, F.B.8. | 


§ 2. OpszRvine-ARRANGEMENTS, 


The instruments were in all cases placed on suitable framework attached 
to the outside of the car, and were in this position easily read by myself 
standing at the end of the oar. 


Circumstances of the Ascents, and General Observations. 


Up to the last Meeting of the Association there had been 22 ascents, of | 
which 17 had been made in the months of June, July, August, and September, | 
and 5 only in the other months of the year, viz. 1 in January, 1 in March, 
2 in April, and 1 in October. Of those made in the summer months, one only 
had been made in the morning, and 16 had been made in the afternoon of 
evening, with a declining sun. 

Efforts were therefore directed to day experiments between the months of 
October and April, it being considered that the day and high experimEnts in 
summer already collected had better be brought together and discussed before 
any more of such experiments were made, and that in future attention should 
be directed to those points of research needing further elucidation. 

I therefore devoted all my leisure between the months of October and April 
to securing as many ascents as I could between these times, and regret # 
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ssy that I succeeded in three only. The first of these was on December lst, 
the second on December 30th, 1864, and the third on February 27th of the 
t year. These three ascents were.made from Woolwich Arsenal. 

Although I have so few ascents to speak of, it must be borne in mind that 
winter is the most difficult season of the year to pursue balloon experiments ; 
yet as mountains are not climbed at this time of the year, and so few 
experiments have hitherto been made by means of the balloon, we are in 
almost entire ignorance of everything connected with the higher regions of 
the atmosphere during this cold portion of our year, in respect to the pro- 
gressive diminution of temperature with elevation, the diffusion of vapour 
in the atmosphere, the density of clouds, their extent, and the currents in the 
atmosphere. 

It is therefore the most important season for experiments; and these will 
be exeeeded in value only by night experiments. 

Asent from Woolwich Arsenal, December 1, 1864.—The balloon left the 
earth at 2" 37™ p.m., the temperature of the air at the time being 48°; and 
this value remained almost unchanged till the height of 600 feet was passed 
(mereasing slightly in fact at firet), and then very gradually declined to 314° 
at about one mile in height. 

_  Asent from Woolwich Arsenal, December 30, 1864.—The balloon left at 

2 13" p.m., with a temperature at the time of 424°; it declined 2° in the 
irst 500 feet; at 1000 feet high it was 37°, or showing a decrease of 54°; 
at 2000 feet if was 334°, showing a further decline of 33° in this 1000 feet. 
At 2500 feet high we met with cloud; the temperature was 31°. At 3300 
_ ket, just at the upper surface of the cloud, the temperature was 27°; on 
| getting above the coud the temperature rose, and when 400 feet above it had 
increased to 313°. 

Ascent from Woolwich Arsenal, on February 27, 1865.—We left the earth 
at 1" 58" p.m. ; the temperature of the air was 52°, declined gradually to 35°, 
when cloud was reached, which proved to be 1000 feet in thickness ; during 
the passage through it there was no change of temperature, but on passing 
above it the temperature increased with the elevation. 

By comparing these results with those taken in the period of summer they 
ifer very greatly, and plainly show that the laws of temperature holding 
good at one season are different from those at other seasons of the year. 

The ballooa’s courses in these three ascents were very nearly the same 
tfter attaining a certain elevation. On the Ist of December, on reaching 
1100 feet, the current of air changed from W. to 8.W.; at 2000 feet a 
WNW. current was entered; at 5000 feet the air was moving W.N.W., 
rye approached the sea, compelling us to descend near Rochester at 

p-m. . 

In the second ascent the wind was nearly south on the earth when the in- 
fation began ; it changed to W. nearly, and pilot balloons at a moderate ele- 
vation moved N.W. On leaving, the balloon first moved E.N.E.; when 500 
feet high we entered a W. current, and, as before, moved towards the sea. It 
¥as at first intended to descend near the river Thames; but on coming within 
30) feet of the earth the wind changed and we went somewhat inland, and 
descended, at 8° 20", near to Stamford Le Hope. 

During the month of January, and the greater part of February, as far as 
tould be determined from daily observation from the Royal Observatory, 

teenwich, the general prevalence of the wind in the higher regions of the. 
urwas W. and 8.W. On February 27th the direction of the wind on the earth 
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was N., and apparently steady in that direction while the balloon, was being 
filled.” On its completion the wind had changed to the 8., and 4 or 5 hours’ 
observations were looked forward to. 

On reaching the height of 1500 feet, the balloon again fell in with the pre- 
valent S.W. current, and at 3000 feet was in a nearly W. current, and agam 
passed over the like course, directly towards the sea. It was therefore not 
deemed prudent to ascend very high. When above the lower clouds they 
Were seen moving at right angles to the balloon’s motion. Approaching the 
sea, it was necessary to descend; and on again reaching the height of 3000 
feet the balloon fell in with the S.W. current, at 1500 feet with the S. current, 
and with this passed somewhat inland; on again reaching 3000 feet, we 
turned to move again directly towards the sea, and descended at South Han- 
ningfield at 4" 1™. 

After this I did not succeed in ascending, and since April I have mostly 
been taking steps towards securing some night ascents. 

It is unfortunate, in one sense, that the wind on these occasions, not- 
withstanding its direction on the land, was so constantly at certain eleve- 
tions moving with a W., W.S.W. or 8.W. current, because on all occasions 
it so shortened the time of observation, and limited the elevation to such 
heights only that we were certain of being able to descend before reaching 
the sea. 

Yet the fact is important, and very much so, as proving the constancy of 
the 8.W. current during our winter months; for the evidence of such cur- 
rent is not merely confined to these three days only, but a continued watch 
was kept on the higher regions from the Royal Observatory, and whenever 
scud or cloud has been seen at the proper elevation, it has been found to be 
moving in that direction. The high temperature we experience in winter 
seems to be very much due to the provalence of the warm current. 

In these three ascents, Frederick John Evans, Esq., Staff Commander B.N., 
F.R.S., Superintendent of the Compass Department of Her Majesty's Navy, 
very kindly furnished me with a very delicate magnet, which he uses on board 
of iron ships and in the Compass Department. 

This instrument vibrates in a little more than two seconds on the earth. 
In the ascent on December 1, I was able to take ten sets of vibrations; and 
notwithstanding the lower temperature of the higher regions, the time of 
vibration was lengthened. 

In the ascent on December 30, the balloon was in a constant state of rota- 
tion, and I was unable to take any magnetic observations. 

In the ascent on February 27, the same needle vibrated in 2-001 seconds 
on the earth, at the height of one mile vibrated in 2-277 seconds nearly. 
These results were confirmed by another magnet, somewhat less delicately 
mounted, its time of vibration being found to be longer at high elevations 
than on the earth. These results agree with those found at other times of 
the year. 

The Lines in the Solar Spectrum. 

At every opportunity I directed the spectroscope to the sun, and always 
saw a very fine spectrum, with very many lines, far greater in number than 
when viewed on the earth, and much better defined. The spectrum usually 
extended from A to far beyond H, the latter line being plainly made up of 
fine lines. I have never seen the spectrum of the sun, when viewed on the 
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earth, nearly so brilliant as it always is on rising above the lower atmosphere, 
although I have examined the solar spectrum many hundreds of times on the 
finest days. The spectrum, when viewed from above, is perfect with a much 
nalrower opening of the slit than it is on the ground, and consequently lines 
can be resolved clearly which cannot be secn from the earth. 

A very delicate blackened-bulb thermometer, placed with its bulb near 
to the carefully screened bulb for temperature of the air, in the first of these 
three ascents, generally read the same as that for the temperature of the air, 
occasionally read lower, and never during the ascent read more than 1° in 
excess. The same results were observed in the ascent on December 30th. 
In the ascent on February 27 it generally read the same; but at times, 
when the sun was shining the brightest, it read from 2° to 3° higher than its 
shaded neighbour. 

No tinge of ozone was shown on any test-paper spread freely about on the 
rigging in any of these journeys. 


§ 3. Description or THE Tasre or OssERVATIONS. 


All the meteorological observations taken during the ascents are contained 
in Table I. | 

Column 1 contains the times at which the observations were made. Column 
2 contains observations of the siphon barometer corrected for temperature and 
index error. Column 3 contains the readings of the thermometer attached 
to the barometer. Column 4 contains the readings of an aneroid barometer. 
Column 5 contains the height above the level of the sea, as reduced from the 
barometric readings in column 2 on the days the siphon barometer was used, 
and from column 4 on other days, by the formula of Baily, checked at inter- 
vals by that of Laplace, which is as follows :— 

2-+-52251 


Z=slog (=) x 60169(1 ites a \(i4 0-002837 cos 2L)(1 +h) 


where Z is the height required, and h, h’, ¢ and # the height of the barometer, 
eorrected for temperature, and the temperature of the air at the lower and 
upper stations respectively, L the latitude. The temperature of the air for the 
position of the balloon has been derived from the readings in column 10, 
when such have been taken, otherwise from column 6. Columns 6 to 9 
contain the observations with the dry- and wet-bulb thermometers free, 
and the deduced dew-point. Column 10 contains the readings of a 
gridiron thermometer. Columns 11 to 14 contain the observations with 
the dry- and wet-bulb thermometers aspirated, and the deduced dew- 
point. Columns 15 and 16 contain the direct dew-point observations with 
Daniell’s and Regnault’s hygrometers. When numbers are entered in 
columns 15 and 16 with “no dew” affixed to them, it is meant that the 
temperature of the hygrometer has been lowered to the degree stated, but that 
no dew has been deposited. Column 17 contains the readings of a very de- 
heate blackened-bulb thermometer fully exposed to the sun’s rays. 

The Astronomer Royal hed observations made every ten minutes at the 
Royal Observatory, Greenwich, on the days of ascent, by Mr. Nash of the Mag- 
netical and Meteorological Department. 

; The height of Greenwich barometer-cistern above the mean sea-level is 
09 feet. 
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Taste I, a,—Meteorological Observations made in the Twenty-third 


j Siphon Barometer. 
i Time. Reading | Attached |B 
a8 and reduced | Therm. 
to 82° Fahr 
hm s in ° 

Ir 35 opm. cesses | we nees 

(1) | seaeeeee es reer rae i Pare 
weeeee ove go°192 1°O 

" TXS O 95 | cae 4 wecees 
(3 ajo o » 30°063 50° 
(4) 237 OD sp | covece ff wawene 
2 38 (ory) erson | vscces 

5) |. 2 38 30 on | ceca wees 
6) 239 0 » 29'042 51°0 
7) Z4O O gn | inccene | wees 
8) 241 0 » 28°413 5ro 
(9) Z4Z O 55 | caseee weee 
(10) 243 0 » es Serrerre 
244 0 59 | ceeeee cease 

24S O 4p | ceeeee sevee 

(11) 246 0 ,, 26426 47°0 
24S 0 gg ff caceee | wees 

250 0 pp | cewens vs 

ZS5r 0 gy | caves soeeee 

12) 254 © pp | cevene | aneeee 
13) | 255 o y | 25110 | 47° 
14) 257 0 gy | ceeeee | cen eee 
258 O 5 | — sovaes eosese 

(15) 259 0 ,, 2.4°690 46°0 
9 § O 4 | aeceee | tweens 
360, en rerere 

(16) 3 6 30 4, | cece, cee 
3 8 0 4, | aeecee fe eae 

(17) 3 9 OD 4p | caveee fone 
BIO O gy | ceceee | cannes 

314 0 4 | ceeee | cece 

(18) 315 0 ,, 24891 46°0 
20) 317 O gp | ceseee seneee 
20) 3230, rr reer 
324 0 gg | neces | wees 

(21) 326 © 4, | ceceee |] ce uaee 
B27 0 gp fo ceseee | wee ee 

332 © 9 | ceceee | aeons 

(533 333 0 np | caceee | tees 
(23 B34 FO yy | ceveee | een 

1 2. 8. 


Aneroid | Hefght abo 
level 


srometer 
No. 2. "| sea 


1) Sun shining; clear sky ; wind N.N.W., light and variable. 

2) Cloudy ; a pilot balloon first moved W., then N.W. 

3 clear (4) Wind very nearly W. 
(6) Sun shining brightly. 


5) A gun fired ; felt the shock. 


(7) Entered a S.W. current, moving towards the part of the river north of Erith. Very — 


Misty all round. 
(8) 


struments were shaken. 


(8) Sun shining brightly. 
Report of proving guns at Woolwich ; perceptible ‘bration, every rope and tho in- 


(10) Opened the valve ; nearly opposite Belvedere. 
(12) Between Erith and Belvedere, 


(11) Sun warm. 


Dry and Wet Ther 
Dry Wet. 
° ° 
462 | 43°55 
463 | 433 
48°0 44 4 
48°2 44°! 
48°0 440 
47°5 43°2 
473 | 433 
46'0 42°0 
45'0 412 
43°5 40°2 
430 33°7 
41°0 36°0 
44°0 36°0 
39°5 34°9 
38°5 | 330 
38°0 32°0 
38°0 32'0 
36°0 20°! 
35°0 20°5 
33°0 26°: 
31°5 261 ! 
31°5 26" 
41'2 26°5 
sis | as 
33°0 ag" 
33°5 | 29° 
34'5 30°0 
32°2 29°! 
31s 273 
31°0 27°1 
30°2 251 
29°83 25°0 
30°2 2571 
g0°2 25°3 
31'5 28°! 
32°0 23°13 
42°0 28'1 

6. 7. 

Nores xD 
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Balloon Ascent, from Woolwich Arsenal, December 1, 1864. 


soacters (free). Dry and Wet Therms. (aspirated). Hygrometers. 


r ° ° ° e ° ° ° 
seston | wee eee 46°5 
27 40-4 sevece | coecee | soveee cocses | sees . 40°2 
36 39°! 46S | caeee 0 | ceoee o | cesene | cooeee 40°0 
33 40°0 BBO | cveeee | coveon | coeeee oe 40°0 
#1 | 39°6 48'2 
#0 | = 39°6 
3 | 385 48-0 
39 38°9 evece e | eeecee | anecee | eavece | cesces eevee 
#0 374 
73 36S] ce acce | cee eee | weeee 0 | cevece | cee ees race 
73 | «363 
43 37°9 
50 29°7 
Bo 29°7 
46 23°6 evens o | tescee eecrce @ecee | scence ee 
55 | 25°6 
bo 23°S ]neeeee | eevee ceneee | ceecee | specs 20°0 
60 23°8 38S | cennee | concen | seecee | ceceee | cveee ° 
69 18°7 
65 ISS | convene | sencee | concee | covece | cesses | cevece 
bg 12°5 [dew 
54 12°2 soccee | cecree | ceovee | cece 17°0 no 
54 12°2 [dew 
47 TSG | neuen | ceeeee | cnccee | coeene | coneee r5°o no 
oeeeee 35°0 
¢7 15°6 
39 21°3 
37 ZIQ |] cevvee | cevcee | concn | seceee | seeene | conees 
45 22°4 [dew 
ce BBO |] nceeee | ceceee | cancee | coeeee | coeeee 16°0 no 
46 16°6 [ 
39 TGS | ceveee | ceeene | cescee | caccee | cecees 1g°o no 
s1 93 
48 QB | ceseee | ceeree | caves | ceeeee | veneee | veeeee 
51 8'9 
50 8°9 
4 9°6 
39 9"! 
¥9 91 
8. 9. 10. ll 612.18. 14. 15. 
Grrzea, Remarxs. 
(13) Ozone =o. (14) Wind N.N.W. 
(15) Nearly opposite Erith; hills and distinctly visible. 
(16) Sun rum very fine. 17) Sand out. 


tinh A little to the right, or nearly over Dartford. 
(19) Moving towards Cobham Park. 

2 Cannot get any dew on either Daniell or Regnault. 

(21) No ozone. 

(2) South of Greenhithe ; *smoke near the earth moving 8., but after reaching 1000 feet 
(23) In a line with Northfleet ; we sball pass over Cobham Park. 


m 
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5 . Siphon Barometer, 
Aneroid ight above 
gs Time. Reading | hed Barometer,| “aeivnt 
No. 2. 
gs and reduced | Therm. 
. hm =s3: ° in. feet. 
(1) | 349 0 “ 24°78 50245 
341 0 24°63 52403 
342 0 45 | aaaaee | wen oe 24° 5431 
343 OF 9 | ceeene =f tev eee 24°95 5,063 
344 0 see 25°52 4,464 
345 0 wveee | 2645 | 32487 
(2) Ce rn eee eee 26°47 3,470 
3.46 30 ny» =| aenene sf env eee 26°45 3,491 
347 © 55 | vecene | even 26°20 3759 
348 0 4, | nneee | wee . 26-00 30973 
3 349 0 eee 25°82 4,170 
4 350 © 5, | aeneve =|] enw eee 26°00 3,968 
3 5E © yy | roenee fee wee 26°16 3,789 
5 352 0 1 | aeceee fen eee 26°20 3,744 
e} eX ee ee ee ee . 26°20 35744 
354 0 Steeee 26°65 3,240 
3 54 30 see eee 26°75 3,124 
955 OF ny | weaver | eee . 26°80 3,082 
3 55 30 peee 27°00 2,914 
(7) | 356 0 
357 0 es 27°30 2,662 
(53 3.58 oO eeeens 27°45 2,536 
(9 359 FO 1 | verve | nano : 27°50 2497 
4 O O 45 | aewece =| nanan 27°30 2,691 
10 4 TO gg | nun eee | tee eee 27°30 2,691 
ll ye ok \- rs TTT errr : 27°20 2,788 
1 A 2 Og | aevece | enn eee 27°14 2,847 
(13 4 3 0 gr | waveve | an ene 27°25 2,744 
A 4 © 9p | ceonne fees . 27°40 2,603 
450 ee 28°00 2,039 
14 4 6 © gy =| aeneee | wen nee 28°25 1,804 
15 4 7 © gg |] wen nce fete es ‘ 28°30 3,759 
16 4 8 o eoeeas 28°42 1,644 
4 8 30 eevoce 28°50 1,569 
(17) 490 seccee 28°s2 1,550 
410 0 eoseee 28°60 1,475 
(18 413 0 cocees 28°70 3,381 
19 414 0 esceee 28°80 1,280 
t20 415 0 oeeeee 28°60 1,394 
415 30 eves 28°50 1,451 
(21) 417.0 eoseee 28°35 1,532 
418 o eeecee 28°40 1,496 
419 0 eoeee 28°50 1,424 
420 © 5, | — cavece | eevee 28°70 1,280 
1. 3. 4, 6. 
( No dew on either Daniell’s or Regnault’s Hygrometers., 
2) A chill to sense; sand thrown out. (8) Heard voices. 
4) The setting sun illuminated the topmost part of a dark stratus cloud, witha very deep 


orange-colour ; not a cloud in the sky above altitude 15°. Put magnets away. 


(5) A sudden chill again. 


te 


(10) Saw a railway-traip. (11 


(6) Sand thrown out. 
Wind W.N.W.; smoke below moving 8. . 
Heard a clock strike 4* plainly. (9) Sand thrown ouf. 
Heard people calling cut. 


ON THREE BALLOON ASCENTS IN 1864 anv 1865. 158 


Balloon Ascent, from Woolwich Arsenal, December 1, 1864 (continued). 


Dry and Wet Therms. (aspirated). Hygrometers. 
Bick ed 
jell’ ’ ened- 
Daniell’s. | Regnault’s. bulb Ther 


mometer. 


Dew-point. Dew-point. 


1sono| 33°0 


8. 9. 10. ll ol 1k (14. 15. 16. 17. 
19) A great deal of moisture on the balloon. ; 
_ (13) Nearly south of Gravesend. (14) Heard many voices. 
'15) Can hear cries of “ come down ;” wooded country. 
{16) Cobham Park. (17) Moist to sense. 


" Moisture almost dro ing from the balloon. 
proaching the way. 

Z pyaeier te a higher current to cross the river. 
(21) We can see Rochester Bridge and Castle. 
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Tastz I. a.—Meteorological Observations made in the Twenty-thir 


Siphon Barometer. 


i rime 


hm =°3s 
421 Opm 
4 21 30 » 
422 0» 
423 0 » 
(1) 435 ° » 
: 433 SO » 
Taste I.3.—Meteorological Observations made in the Twenty-fourth 
@y | sasas he | cul | ii | 2? | feromat] 5 | 
ZZ DO 99 | eevee | ene 29°80 80 42°! 38's 
ZI4 O 59 | cavcee | enone 29°51 355 410 372 
(3) 215 0 Lee faeces 29°25 602 40°0 362 
ZIUS 30 59 | caneee sf eww eee 29°05 782 39°0 360 
216 © 45 | ceveee ftw eee 23°95 $77 38°2 351 
(4) re  \ es rere 28°80 1,020 37°2 34°83 
Z 1645 9 | cones | wen nee 28°50 1,321 36°32 442 
ZIT O 57 | covece | weneee | coe cd rer oe errr rr as mere 
2118 o i. or rrerr cocoee | creeee ff aaeeee | cee ees 
218 30 9 | wees | tenes 27°80 1,995 34°! 32°9 
ZIQ O 5p | avvcee fen ene 27°60 2,220 33°0 32°0 
® Z1Q 30 yy | cancer | won ene 27°50 2,310 32°5 32°0 
6) Z IQ 45 59 | cancee | wn ene 27°45 2,355 32°7 318 
(7 B20 0 55 | cecere J veneer 27°40 2,410 32°5 319 
221 0 
222 0 i csocee | wen eee 27°10 3,634 32°2 4r°s 
B23 OF 4p | wennee | nnn 27°05 2,699 33°9 30°5 
8) Z2Z3O 4p | raneee | wee eee 27°05 2,699 31°9 30° 
9 224 0 45 | — cavnee | eres 27°11 2,641 319 40'S 
(10 Z25 O 4, | cevece | wanes 27°40 2,350 31°9 310 
(11 Z 26 0 55 | cevene | anne 27°45 2,301 31°9 312 
227 O 55 | waneee | wwe 27°68 2,077 31°9 316 
(12) 2 27 ts - ssyece | cones 27°75 2,019 3a°3 | «(32°0 
2 27 3° 4, 
(18) 228 o ; ssvsee | evens 27°55 2,215 32°2 32°2 
22815 ., sevece | wees 27°40 2,362 3I°5 gt 
fs 2 28 0 rs errr areeeee 27°21 2,552 31°3 30°6 
(16 229 0 . coves | canoes 26°92 2,822 29°S 29'0 
1 Z2Q BO 45 | eaacee | wn eee 26°71 3,018 28°8 23°3 
Z AQ 45 53 | cencce sf rcrene ene see | cence neeate | neers 
tis 239 0 ereees , 26°48 3,228 27°S 27'3 
I 2. 3. 4, 5. 6. 7. 
(1) On the ground at Deloo Farm, near Rochester. . 
2) Left the earth. . ts Mist all round. 
é ‘Approachin g cloud t7) Tne +9 grepnel. 
8) Just out of cloud; and over the wall of the river. 
9) At least 150 vessels in sight. (10) Out of cloud. 
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Balloon Ascent, from Woolwich Arsenal, December 1, 1864 (continued). 


Hygrometers. 


Delicate 


ry ? Blacken = 
Daniell’s. | Regnault’s. bulb Ther. 
mometer. 


’ | Dew-point. | Dew-point. 


| Balloon Ascent, from Woolwich Arsenal, December 30, 1864. 


rs | 34°8 
ae 
, x 32°4 
3% 31°2 
| zo 33°0 
3 30°9 
| 3% 32°5 
270 31°2 
seesve 8 =— etek e e@egsoe ® ¢ Socce r) r) eaacge 30°5 
; sesses coop | cence 0 | ees 0 | cess | ssceee | ceveee 30°0 
V2 30°8 
I'o 30"0 
os 33°0 
o9 joo 
o6 | 30°7 
C7 30°o eegees epeee | eovcce ooosee | cucsee | . eegece 28°00 
1% 27° 
| a'r 28°3 
1% 27°32 
og | 28'9 
OF 
o3 30°9 30°5 
v3 30°4 
oo 32°2 
o3 30°4 
o7 28°9 
os 27°3 
os 26°4 
ee eer yy) a oe ae e ee epee | cocece eee @7'°0 
Og 260 


8 9. 10. ll = =6120— 18.14, 15. . 16. 17. 


(11) Our course is taking each bight of the river. 

(12) Sand out. (13) Cold to sense; approaching cloud. 
(14) Edge of cloud. 

(15) Entered cloud ; lost aight of everything. 

(16) Very cold. (7) Much lighter ; very cold. 

(18) Cloud dense and cold ; fog dazzlingly bright. 
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Tanz I. s.—Meteorological Observations made in the Twenty-fourt! 


Siphon Barometer. Dry and Wet Ther 


3 Height above 
if No.2. | “Aleve 1 Dey, | Wet. 
h in feet. 
(1) ZBI OPM. | acceee | coeeee 26°28 3,424 27°2 28 5 
BBD O 9 | weneee | anne 26°12 3,580 30°0 26°0 
(2) 2323S yy | evvere |] aw wee 26°12 3,580 29°5 26-2 
Z 33 0 59 | —ovnnee sf nnernee 26°00 31735 31°s5 26:0 
(8) 2 
23435 yp | erence | een ene 26°15 3,589 29°5 26°2 
2% 3430 99 | evevee | evens 26°35 3,589 29°0 29°2 
(4) 2 
23445 1 | ceeeee | cee nee 26°25 3492 28-2 27° 
235 0 nn | coerce | eveere 26°50 35249 28°2 27°0 
63 23S 9O 4, | wsecee |] envreee 27°20 2,570 28°23 280 
6 236 0 4, | caseee | ween 27°65 2,133 30°2 29°7 
237 © 49 | cence | snweee 28°90 32 33°0 32°0 
(7) 238 0 gy | ceeeee | teens 28°95 37 34°0 32°5 
239 0 95 | caveee Jenene 29'0 797 34°5 32°9 
(8) BAO O yp fe ceneee | ene 29°! 689 35°2 33'5 
ZAL © 5p | covece | navn 29°05 3,009 35°9 33 
(9) ZI YO np | coeeee wees 28°90 1,369 36°0 33°9 
Z4Z O 4p | caedee | a oneee 28°72 1,669 35°5 33°83 
ZHZ O yy | cactee | wwe 28°60 1,929 35°5 335 
B43 30 np | teneee eecece 28°52 2,129 35°5 33° 
DAA O yp | vaeeee | tees 28°48 2,219 35°5 332 
24S 0 49 | corner | ween 28°32 2,589 34°9 32°8 
245 90 59 | ceceee fe eoee 28°30 2,699 34°5 3370 
246 0 45 | ceveee cecoee 28°26 2,829 34°2 32'S 
247 O 4p | ccoace oes 28°26 2,860 34°0 33°0 
247 3° veccee | cater 28°24 2,946 34'0 33°0 
248 0 4 vecose | tee eee 28°40 2,796 34°0 33°0 
ecccee | we eee 28°40 2,796 34°0 33770 
covace | we eees 28°40 2,796 34°0 3370 
cocese | ee eees 28°45 2,666 34°5 333 
eoeees 28°50 2,536 35°0 33°3 
eeeuce 28°60 2,276 35° 33°72 
28°68 2,070 35° 33'5 
28°85 1,623 35°6 33'5 
sees 28°92 1,463 356 | 338 
seceee | ce eeee 29°00 1,256 35°38 33°8 
29°10 3,096 36°0 34°0 
seseee 29°35 556 362 34°0 
ecscee | enews 29°38 git 36-2 34°5 
aevae 29°39 495 363 345 
coeeae 29°32 556 36-2 345 
Perr errrerr 29°31 §65 361 34'S 
sevens 29°60 299 38 | 367 
esees 29°31 |- 570 382 | 367 
(10) 29°20 qo 33°2 375 
cecece | eens 28°95 goo 37°2 360 
seveee 28°78 31,056 37°2 36'0 
I 2. 3. 4, 5. 6. 7. 


(1) Sun shining dazzlingly. A beautiful sky of Prussian blue; not a cloud above us: 
beautiful sea of cloud below of varied surface, bright and shining. 
rn Sun brighter still. © Sun observed in mist. 
4) In a very dense cloud. 5) Out of cloud. 
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Balloon Ascent, from Woolwich Arsenal, December 30, 1864 (continued). 


Dry and Wet Therms. (aspirated) 


Dry. | Wet. | Diet point 


eee 
| aD | AD Freee RD | 


Hygrometers. 


Bie 
Daniel's, | Regnault’s. |) ot Ther. 


Dew-point. | Dew-point. mometer. 


°e @ e ° 
07 23°4 
qo 13°4 
33 15° 
| ix; Ee es eee ne saseee | oss0ee | cecves 15°0 14'0 
| 33 15°3 
I 3 me | eee oeecee FT eoccee oocee Ceeove Cvores eoeces 29°90 
rt 22°97 
13 22°3 28°5 
o3 27°3 
0°§ 28°43 
10 go"o 
35 29°0 
| 36 BOD | uecee | ceeeee | ceecee oo | canes cossee | wee nee 34'S 
r7 30°8 
| 1 30°6 36°0 
21 30°8 
, 17 << Se es rere y eee ee eee eee eoccee rr es ry eone 35°5 
20 BEX | eceee =| ceeeee | coeee 0 | seocee | cnccce | oe ores | eee . 35°5 
2°3 29°6 
2°3 29°6 Ck ee ee eee eee ree : 30° 
as 29°5 
1s jo" . 
17 29 
10 31°2 
is) 312 
10 3m°2 
ro 312 
10 31°23 
13 312 
3 30°3 
23 29'9 
2% 30°3 
25 30°3 35°5 
18 31 
20 30°38 eoeece =f secese oe eon | cusses [| cessee 30°5 
2°0 31-0 
23 30°8 
m7 32°0 
17 32°0 . 
17 32°0 
16 J2°E | eecee | eneee vo | secese | cecees | cvoeee 32'S 
oe) 34°7 
15 347 
27 49 
v3 34°4 
rr 4 
8. 9. 10. ll. =12, 18, 14, 15. 16. 17. 
S Falling quickly ; revolving in 2 minutes. 
(7) We are a outs mile north of Purfleet. 
(8) Moving W.8.W. (9) Moving towards Sea Reach, 


(10) Sand thrown out. 
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Tas1x I. 8.—Meteorological Observations made in the Twenty-fourth 


af 

fz Time. 

es 
hm s 
3 1 opm. 
3 2 O bs 
3 2 30 » 

(1) 33 On 
3 345 » 
3 4 Op 
3 § oO» 

2 3 6 oO; 

3 3190 O,, 
315 Op» 


E25 OPM. | ceeecee | recone 30°87 477 42'4 
3 134 0 45 | wenvee | teen woes ground 47°5 42'0 
5 ESB 0 4p | cavese | towne 30°20 ga" 452 
8} E568 © yy | aeccee | wenn rn rer rr rrans bePrrers 
E58 30 4, | cwenee | wae eee 30°13 60 rs 45% 
E58 20 4, | avesee | wane 30°00 176 514 443 
1 58 30 _ ,, ee errr 29°92 244 gro 441 
159 © , rs errr 29°65 474 49°5 42°! 
200 » rn errr 29°30 767 47°2 9 
8 213 0 » 

® 2 1 30 45, eevee tocees 28°98 1,085 462 4qo'l 
ZZ O 4h | coceee eve 28°52 1,543 458 40°! 
(10) BZ 230 ny | concen wenn 28°21 1,851 43°7 48'9 
2 245 » rere 27°78 2,279 40 371 

2 3 O 95 | c5ecvee | cosess | wecoes | cvcves eee soe | 

Oe 2 33° » oeeee eeeees 26°98 3,074 

12 24 0 4 rs ererere 26°72 3,333 35°5 33°0 
13 250, cecese |e nene 26°42 3,632 34°83 42°0 
tig 2 § 30 » coccee | anaes 26°20 3,851 34°38 320 
260 ,, rs errr 26°05 3,990 35°0 31°6 
15 @ 6 30 4, | coos ee rere . 26°00 4,040 34°8 30°9 
16 B73 4 | vaneee | wwe 25°62 4.418 340 29° 
17 2 $30 ,, eoeee coeeee 25°39 4:47 34°0 28°3 
290, or errr 25°34 4,697 34°5 8°5 
18 ZB 930 yp | caceee | wave 25°30 4:737 353 29°0 
19 ZIE O 45 | caceee | nace 25°30 4,737 382 grr 
211 30 ,, cooses | ounces 25°25 45795 38-2 30°6 
1. 2. 3. 4. 5. 6. (f 


(1) Moving direct for Sea Reach; we must come down if we do not change our 
direction. 
@) Packed up all the instrumenta, cleared the tops of some trees, and came down within 
8 mile of the river, near the Railway Station at Stanford le Hope. 
(3) On the ground. 
ta) A pilot Fallon went nearly due N. (5) Wind 8. (6) Left the earth. 
4 Over the river. (8) Bells sound very clearly. 
9) Wind 8.W.; san obscured by cloud. 
iy Moving towards Barking Oreek ; moving N.E. (11) In clond; eold. 
12) In a white cloud. (13) Faint gleams of light. 
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Balloon Ascent, from Woolwich Arsenal, December 80, 1864 (continued). 


Dry and Wet Therms. (aspirated). Hygrometers. 
fl putlicate 
| Daniell’s. | Regnault’s. |7'%: - 
: Dew- bulb Ther- 
meter. Dry. e Wet. Diff, 4 ometer. 


| point. ;Dew-point. | Dew-point. m 


oes eee | eee | 


8, 9. 10 11. | eS § 14. 15. 16. 17. 


(14) We are in cloud, and over water ; the clouds below are moving much more quickly 
we; wind more westerly. 

(15) Sun shining faintly ; clouds at least three or four miles above us, moving W.; we 
aren a N.W. current. 

(16) Clouds below appear to be moving N.; we are moving towards the E. 

(17) The clouds below are moving at right angles to us. 
(18) Over Barking level; Tilbury line to our left or N.; clouds have a very fine purple 
tinge over a very beautiful even surface ; N. gloomy and dark; great contrast. 

(19) Sensibly warmer, 
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Taste I. c.—Meteorological Obeervations made in the Twenty-fif 


ws 
> 
w 


37 


> 
—_Z 
See ee eee ee 
» 
be | 
vs 
0000000000 


ESS 
00000 


om, 
2 


(10) 


246 0 ,, 
(11) 2 46 20 ,, 


w 
te 
ws 


2 54 


v 
MUAMAMAU 
WDm me OWS CON] AAS 
we Ud 
eoo0oeco0oag0g0 0c cCa0aa00g 000 


(12) 


ww 


Wubi odd od WH WH HD WD WH 8D DD 


oe] 


l, 2. 3. 


3) Entered a more southerly current; about 8. W. 


3) Over Dagenham Marsh. a Lowered grapnel. 
5 


Must come down. 


moneters (free). | Dry and Wet Therms. (aspirated). Hygrometers. 
~~) Gridiron ||| | Fane | Reguouiv’s, Blackened 
Thermo- Dew- Danicll’s. | Regnault’ bulb Ther- 
Diference. Dew- t.| meter. - | Wet Diff. 
| n l sid point. Dew-point. | Dew-point. : | ; Mometer. 
° ; ° | ° e | 
6 | 2? ° ° ° 
$1 19°4 
go 17°7 
93 16°5 
1¢°d 26°21 eouccee | esecee | cosses es ere 1§ ro) 
92 16°6 
92 16°6 
1 9% 16°6 ° 
. 93 36°6 
| 107 TZO | asccee | ceeece | eoevee | secees eccce | cecees 15°o-+ 
lo"y 13°0 
Ig T2G | coves stoves | seeee o | ceecee | ccceee | ceeeee bosses 38°3 
ivy 1370 
19°7 13'0 
97 36°F) | usesee | te eee 0 | sescee | conase | cevece 17°0 ° 
4 17°7 | ceevee | carve | acscee | cecece | cacece | cenees 16°0 
y2 317°9 
gz 17°9 
97 19°3 coocce | cevsee | cevcee | covcoe | seoee ° onseee eeecee 45°0 
104 18°5 
ro ITS | arenes ecccee | caceee | ovens o | scecee | ceceee | ewes 435 
11d 17°5 Seccse | soaee ® ecccve eeecvee eeocee | jauccon f— i= eeoce 43°5 
oy | 197 
103 20°7 
yo 27°0 
60 23°6 covcee | cevcce | cesses | encvee | ceeeee coven | te eeee 42° 
57 23-9 
$2 | agro 
#5 30°32 
#5 30°8 
3°5 BBE | cee ene | teeeee | ccesee | ceecee | cvecee | cecees 3370 
zo 34°2 
y2 340 
38 333 esccee | coeeee | scenes esosee | seeees 34°0 etsees 410 
7$ 35°3 
42 34°90 
¥o 35°5 
52 351 
52 3578 
438 35°7 | tenes «| ceesee | ceeeee seseee | ceeeee | ceceee | tveees 46'0 
45 34°7 , | 
40 34°7 cose | cocees | ceccce | eevee | ceceee | 35°0 
#5 | 33°6 
50 32°6 | 
45 33°73 
45 33°35 5 | 
50 33°8 
#5 35°3 
#0 34°7 - | 
8 9. 10. 11, 12. 13. 14. 15. 16. 17. 
(7) Moving towards Long Reach. (8) Sun hot. (9) Opened va!ve, 
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Balloon Ascent, from Woolwich Arsenal, February 27, 1865 (continued). 


(10) On level with lower S iouds. (11) Below cloud. 
oe Upper tlonds moving as before; no sun. 
565, XN 
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Taste I. c.—Meteorological Observations made in the Twenty-fif 


j Siphon Barometer. Dry and Wet Th 
Readi Aneroid eight above 
a corrected | Attached |Hevmster ies Wret 
as and reduced | Therm. . 
to 32° Fahr. 
hm 5s in. ° ° in. feet 
3 4 OPM. | ceeeee | cevace 29°11 953 
(1) 3 § 0 | cease en rere 29°15 926 
3 § 30 9 | veacee | sees 29°50 605 
3 6 © 45 | caceee | eevee 29°50 605 
37 OD wy | essere ns rrree 29°61 504 
3 8 0 yy | ceceee | nee 29°63 486 
390 » rs ree 29°68 44! 
ZIO O 55 | ceacee | cnceee 29°75 377 
31% 0 5, rr ere 29°80 322 
312 O 45 | seceee | newer 29°80 322 
312 30 yy | canene || avn eee 29°65 459 
ce re 29°32 761 
$314 O 4, | caveee || enone 29°30 779 
315 O » 
31530 , coeeee | ca eeee 29°I5 916 
316 0 4, | ceccee | eee 29°00 1,053 
337 0 45 | ccecee | eens 28-90 1,348 
31730 55 | ceccee | ween 28°90 1,148 
3 1B 0 45 | cerene | tee eee 28-90 1,348 
319 0 55 | ceceee seeees 29°08 978 
320 0 45) | ceceee cocees 29°10 959 
3 ZL O yy | aevnee | wee ene 29°30 77° 
322 0 4, eos eooces 29°30 770 
323 0 gy | necaee eosese 29°30 770 
3924 0 4p | caanee | wan ene 29°33 742 
32S O 5, | caceee 29°50 582 
326 © 4, | ceceee secees 29°38 698 
327 © 45 | cevcce | werner 29°20 872 
328 0 4, | ceaee | ctw eee 29°30 969 
(2) 3 2Q 0 yy | caceee | wen eee 23°72 1,375 
339 © 5, co =— | eww eee 28°55 1,463 
330 30 gp | acces | wwe ee . 28°25 1,689 
331 0 4 wees | tenons 28°00 1944 
332° 0 4, | casece | wane 27°90 2,04 
(3) 33230 5, | wen ase 27°80 2,148 
333 DO yp | acceee | cena 27°92 2,230 
334 O » 
335 © 4p | coves 27°68 2,272 
3 37 O 52 | ccevcce | cvscue 27°50 2, 
4) 338 0 75 455 
5 338 30 4, | caveee wees 27°30 2,659 
6 339 O wy eeeeee toeeee 27°00 2,955 
7 340 0 ,, |  cacere weeee 26°82 3,349 
8 341 0, eeecee weeeee 26°82 3,149 
342 © 4, | cacece ones 2078 3,190 
343 © 4, | — ceoose eoseee 26°78 re | 
(9) | 343+ , me 
344 0, ceveee coses 26°61 3,360 
1. 2. 8, 4. 5. 7. 


(1) Neck of the balloon tied up. 

3 Twelve miles from Chelmsford. 

(3) Changed direction ; moving W., I think. 
(4) Water looks like polished steel. 
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Balloon Ascent, from Woolwich Arsenal, February 27, 1865 (continued). 


168 © 


(9) Mist, 


w2 


wencters (free). Dry and Wet Therms. (aspirated). Hygrometers. Delicate 
! Thermo- Daniell’s. | Regnsult’s. |Blackened- 
Diferace.[Dew- mnt. . a, | Dew- er 
pomt.| meter Dry. | Wet. | Diff. | point. Dew-point. | Dew-point mometer, 
¢ | e e ° ° ° ° ) Q ° 
45 1 35°3 
$2 | 34°3 
45 33°6 
T | 33°8 eccsce | secece | ceeces sscees eve 34°0 
¥§ 34°7 
43 | 346 
co | 346 
x 5 ' 34°4 eonces secces | secnee ecccee eco | cvccce 32°0 
gt | 34°6 
9 35°3 
$3; 35°73 
63 | 3470 | tease coeee | ceccee | ccweee | cecees 34°0 
2 34°0 woe | ceeeee poe vee oe ee 33°5 
“4 | 34°6 
% | 346 
$2 34°0 
£5 33°3 soe eoocce eeccee ercese eoocoe | acess. 33°0 
47 | 32°9 
47 32°9 
52 318 
v3 31°8 
sr 32°0 
4S 33° es coccce | ccceee | cecece | seccce 34°0+ 
43 33°9 
#5 | 33°6 
43 340 : 
43 33°9 
50 314 | . 
47 31°6 
41 | 352 | 
en rrr rere | teceee | cveees oesces . 30°0 
34 333 . 
zo 30°9 | 
29 31°o 
22 31°9 oeetes cencee | coceee | cocans | seceee 30°5 
27 3°°7 
2°6 30°! 
2°5 29°7 
72 | 29°5 
24 2 °§ 
bas | 23°4 
2°5 28°7 
23 28°3 
8. 9. 10. wl 1 i 414 15. 16, 17 
(5) Country brightened up by the sun. In haze. 
(6) In thicker haze ; only one bag of ballast. 
(7) In cloud. (8) In cloud. 
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Tze I. c.—Meteorological Observations made in the Twenty-fif 


(3 Opened valve ; one bag of ballast only. 


Siphon Barometer. Dry and Wet Th 
Time, Readia Barometer, Hasghertore | 

anh wduned No. 2. Dry. Wet. 

to 33° Fahr. 
hm =s in, feet. ° © 
3 44 30p-m. 
345 0° » gescee 3,522 33°0 32°0 
345 30 99 | ceveee — || wave 3,652 
3 45 40 33 eoeee 3,772 33°0 32"0 
346 o ,, cesses | eoeeee 3415 32°5 320 
347 © 9p | ceneee |] we one 3.218 32°5 317 
3 48 re] ” ee 3,042 32°5 32°0 
3949 0 ny | eearee 2,650 32°5 33°0 
350 0 4, | easere 2,637 33°! 33°7 
ZS5E 0 47 | esos 2,252 34-2 33°8 
352 0 45, | seaeee 1,793 35°5 33°0 
3 S4. © 5p | ceeree | cnneee 1,023 42°0 380 
3 55 © 55 | sasoee | weveee 731 42° 38°7 
3 56 0 4, | covers 634 43°0 39°3 
3 56 30 4, senaee 56x 43°8 39°5 
357 © 5, | cesece | cecese 472 43°7 39°8 
3 57 30 », eeeees 448 44°0 40°2 
958 © 5 | cencse | wuvene 331 442 | 406 
359 © » | cecee : 322 44°4 40'8 
359 30 ny | coveee 7° 44°5 409 
400, voces | caeeee ground. | 44°5 42 

1. 2. 3 4, 5. 6. 7 
(1) In cloud ; cold. (2) In fog. 
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Balloon Ascent, from Woolwich Arsenal, February 27, 1865 (continued). 


— 


meneters (free). | Dry and Wet Therms. (aspirated). Hygrometers. ; 
- --———_———— Gadiroan | — ORS - Delicate 
| | ‘Thermo- Daniell’s. | Regnault’s,| Blackened- 
. . : Dew- bulb Ther- 
“ome eevee meter, | Dry. | Wet. | Diff. point. |). point. | Dew-point. mometer. 
c | °o ° ° 9° ] o ° e 9 
i) | JOO | ceccee | ceceee | coves | coveee sovese 30°5 
ro | joro 
0's | 31-0 vocseae | cvceee | cecece | cevece | seccee 30°7 
c$ 30°0 
o's | 31°0 Geecee | evecee | seccee | eoveoe oetecs eesece 30 5 
o's | 310 
o «1 39 
ny or) 
2°§ 29°2 
40) 33h 
| yee 
yt | 34°6 
3 44 
x9 35° 
a | 357 
36 36°4 
36 36°6 
+6 36°7 
33 37°3 
& 9. 10. 11. 12, 13. 14. 15. 16. 17. 
(4) In oloud. (5) Out of cloud, 


(6) Just over some trees. 
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§ 4, Apoprep TEMPERATURES OF THE AIR, THE WET-BULB, AND THE DeEw- | 


POINT IN THREE BaLitoon ASCENTS. 


From all the observations of the temperature of the air, evaporation, and dew-point 
in Tablo I., a determination was made of these elements, with the corresponding redding or 
mean of readings of the barometer and heighta, and then the next Table was formed. 


Taste II. a.—-Showing the adopted Reading of the Barometer, calculatc:d 
Height above the Sea, Temperature of the Air, Temperature of the Wet- 


ubserva- B 


w 


bulb Thermometer, and Temperature of the Dew-point, in the 


Readin 


get’ | the nen 


0000 0 
w 
L 
wo 
wn 


0000'0 
ww 
GO 06 
wp 
os Ww 


o0oo0oo0o00ons4 
wv 
wa 
| 
oo 


w 


0o0oongqq0qoanqnd0oa0od0on O46 
w 
wa 
60 
w 


& Height 
of the above the 
level of 


TWENTY-THIRD Ascent.—December 1, 1864. 


| | 
Temp. | Temp. : 
of the 
Dew- 


point. 


6 o 
46 30) 26°45 
47 0, 26°20 
© 26°00 


36°83 | 


54 0 26°65 
54 30 26°75 
55 9 26°80 
55 39) 27°00 
57 9 27°39 
§8 0 27°45 
59 9 27°59 
| 4 0 0! 27°30 
233 OI I 0' 27°30 
21°9 |! I 30] 27°20 
0] 27°14 


oon’ Ani bw v 
(e] 
ry 
00 
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aT | 
Heading 


Taste II. a.—Twenrr-ramp Ascent.—December 1, 1864 (continued). 
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— 


Temp . 
of the 
Dew- 
bulb. | point. 


seo Mending) wei ht Temp.| Temp. || Ti i Temp. 
Soe |e) ae tome. tee. | Tear | Mineo te Bebe lamp.) Tet 
ile ead | level of “" Wet- | Dew- | tom. se" see level of (MC) Wee. 
Me bs s3° F sca. | * | bulb. | point. | PM leg alee F. e - 
= « im. | feet, e eo | e hm ~=« in. feet. 4 ‘ 
19 6¢ 28*60 | 41475 |39°0 780 | 96°7 || 4 20 a] 28°70 1280 |42'0 | 49°7 
ij oa87o | 13981 | 420] 403 | 363) 22 of 2880 | 1208 |[a4rc2 | 39°7 
14 © a8"8o 12890 || 42°! 40°2 | 437°9 || Zr 40) 28°82 | 1194 4r'3 39°7 
15 o28%o | 1394 | 420] 39°5 | 364 || 22 "0 28°90 | 1137, | 410 | 4o°2 
1g jo 28'50 T45t | 41°5 | 39°2 | 36°73 | 23° 029712 | 979 | 411 | 40°2 
iy o 2845 n592 (412) 387 | 495°5 | eee — | 
1 o 2840} 1496 (40°§ | 39°0 | 37°71 |] 330 OO} ese 2) es 
my 02850 / 1424 | 41°5 | 39°5 | 37°0 | 
Tae a Uae Hea | cal 4 
B. TWENTY-FouRTH Ascext.—December 30, 1864. 
y 0 ¥ 
12 0 29°36 ground |42°5 | 39°70 | 34°83 i2 40 o} 2918 689 |45°'2 | 33° 
13 0, 29°80 80 [421 | 38°5 | 34° 41 0|29°05 | 131009 |35°9 |] 33° 
4 0 29°53 355 [410 | 37°2 | 32°3 |) 41 30,2390 | 1369 | 360 | 33° 
0, 29°25 602 | 40°0 | 36:2 | 31°2 42 0/2872 | 1669 |35°5 | 33° 
) 30 29°05 782 | 39°0 | 36:0 | 32°0 43 0/2860 | 1929 |35°5 | 33°5 
1 oaB95 | 877 | 38:2 | 351 | 30°9 || 43 30/2852 | 212g /35°5 | 33° 
16 30 28°80 | 1020 | 37°72 | 34°8 | 31°5 44 0/2848 | 2219 | 35°5 | 33°2 
if 45,28°50 | 132% | 36°32 | 34°2 | 31°2 45 0/2832 | 2689 | 34°99 | 32°8 
17 0 seeeee | ceeeee saae  leewa's 30°5 45 30}28°30 | 2699 | 34°5 | 33°0 
13 VO: seated. (|! seetee gee || Saskes 30°0 46 0/2826 | 2829 | 342 | 32°5 
18 30 27°80 1995 |34°1 | 32°9 | 30°8 47 o 28°25 | 2860 | 340 | 33°0 
Pipe 27°60 | 2220 | 33°0 | 32°0 | 30°0 47 30, 28°24 | 2946 | 34°0 | 33°0 
| 19 30,27°50 | 2310 |32°§ | 32°0 | 31°0 48 0 28°40 | 2796 | 34°0 | 33°0 
19 45/27°45 | 2355 |32°7 | 31°8 | 30°0 | 48 30/2840 | 2796 | 34°0 | 33°0 
29.0, 2740 | 2410 1325 | 319 1.397 | 349 9 28°40 | 2796 |34°0 | 33°0 
; 22 6.27716 | 2634 | 32°2 | 31°5 | 30°0 | 49 30,2845 | 2666 | 34°5 | 33°3 
a C,.27°0§ | 2699 | 31°99 | 30°5 | 27°% 49 45/2850 | 2536 [35:0 | 33°2 
| 23 3027705 | 2699 | 31°9 | 30°83 | 28°3 509 0 28°60 | 2276 |35°3 | 33°2 
| 2% cagzear | 2642 |31°9 | 30°5 | 27°2 50 30] 28°68 | 2070 [356 | 33°5 
25 cl 27°40 2350 (319 |] 31°0 | 28°9 5x of 28°85 | x62r | 35°6 | 33°5 
| 2§ © 27°45 | 2308 | 31°9 | 312 | 29°6 51 30) 28:92 | 1462 | 35°6 | 33°83 
| 27 ¢ 27°68 | 2077 | 31°9 | 31°6 | 30°9 51 45} 29°00 | 1256 1 35°83 | 33°8 
*7.15/27°75 | 2019 | 32°3 | 32°0 | 30°4 §2 o29:10] 1096 | 36:0 | 34°0 
28 0:27°55 | 2215 | 32°2 | 32°2 | 32°2 53 9% 29°35 556 | 362 | 34°0 
2315,27°40 | 2362 /31°§ | 31'2 | 304 || 53 30] 29°38 | Stn 1362 | 34°5 
25 30, 27°2r | 2552 | 31°3 | 30°6 | 28-9 54 929739] 495 [363] 34'S 
23 0 26°92 | 2822 | 29°5 | 29:0 | 27°3 54 30) 29°32 556 [362] 34°5 
| 29 30 26°71 3018 | 238°8 | 28-3 | 264 55 0} 29°31 565 | 361 | 34°5 
GMS | esses: |) . aesws wears [pveeiees 27°0 | 57. 0} 29°60 299 | 382 | 36°7 
39 0 26°48 | 3228 | 27°5 | 27°2 | 26°0 57 3° 29°31 570 1382 | 367 
3} 0 26°28 | 3424 «|27°2 | 26°5 | 23°4 | 58 30| 2 "20 670 | 382 | 35°5 
32 0 26°32 | 3580 | 30°0 | 260 | 134 | 59 0/ 28°95 goo | 37°2 | 360 
| 3215 26°12 | 3580 |29°5 | 262] 1570 | 3 0 © 28°78 | 1056 | 37°2 | 36:0 
33 0 26°00 | 3735 |31°5 | 26°0 | 12°2 | I 0/ 28°62 | +1203 | 37°2 | 35°7 
415 26°15 | 3589 |29°5 | 26:2 |) 3r5°r || 2 02855 | 1266 | 3772 | 35°6 
3430 26°15 | 3589 | 29°0 | 27°2 | 20°7 2 30,2860 | 1216 |37°5 | 35°6 
34 45.26°25 | 3492 | 28°2 | 27°71 | 22°7 3 op28°70 1116 | 37°8 | 36°2 
35 9 26°50 | 3249 «| 282 | 27°70] 22°3 | 3 45) 29°05 766 | 37°38 | 36:2 
35 30,26°20 | 2570 |28°2 | 280 | 27°73 | 4 0] 29°42 396 | 382 | 364 
36 0.27°65 | 2133 |30°2 | 29°7 | 283 § 0 29°50 316 | 382 | 3674 
37 0} 28°90 932 |33°0 | 32°0 | 3o°o 6 0, 29°63 186 [382 | 36:4 
g 0} 28° : : . 5 ground . . 


Taste II. s.—Twenry-rourta Ascent.—December 30, 1864 (continued), 


H - Temp. |! | Height | emp. , 
j ofthe | above the | Temp: of the . of the | obserra- ofthe hove the | TEMP ofthe of the 
tion. | reduced, level af af the | Wet- | Dew- | tion. | VGtned; level of f the | Wet- , Dew. 
oo Pe the sea. | bulb. | point | PM. to a4" F the sea. b. = porat. 
hm s | in. feet. ° e | h m | in. feet. © | ° © 
125 0} 30°27 = 47°7 | 42°4 36°5 | 2 48 30:27°72 | 2360 |41°2 38°0 340 
35 Of serves & 114775 | 42° | 35°9 | 49 027°75 | 2330 1418 | 380 | 333 
§2 9 30°20 E 152° | 4§°2 | 38°0 | 59 0 27°80 | 2281 | 43°0 | 39°5 | 35°3 
58 10, 30°83 © 1518 | 452 | 38-5 | 51 0 2805 | 2035 14372] 390 340 
58 20, 30°c0 176 | 514 443 | 381! 54 6, 29°31 796 14472 | 40°2 = 35°5 
58 30 29°92 244 | 51°0 441 | 36°9 55 © 29°80 322 462 | 430 | 3571 
$9 29°65 | 474 1 49°5 ) 42°I | 347 56 02965 | 460 462! 410 351 
20 012930 | 767 {47° | 40°9 | 33°99 | 56 302945 | 644 [460 gz 357 
I 30, 28°98 1085 /46°2 | 40% | 33°2 | 57 30; 29°14 927 144°5  40°0 | 347 
2 o| 28°52 | 1543 pee 4O°r | 342 © 58 oO 29711 957 143°5 | 39°5 | 347 
2 30,2821 | 185r 1 43°7 389 | 33° | | 59 9, 29°00 | 1057 |43°5 | 39°0 336 
2 45 .27°78 | 2279 [412 37°12 | 32°0 59 30, 28°90 | 1148 [4375 | 385 326 
er ere es ree | weseee 29°70 || 3 © 02892 | 3130 |43°0 | 38°5 331 
3 30 26°98 | 3074 | ¥ 0, 28°98 | 3075 |43°0 | 385 | 331 
4 026-72 | 3333 |35°5 | 330 | 29°F | = 30, 28:99 | 1066 1 43°5 | 38's Ee 
§ 0 26:42 | 3632 |34°8 | 32°0 | 27°5 || 2 0 29°00 | 1057 | 43°5 | 39°O | 353 
§ 30/2620 | 3851 | 34°8 | 32.0 | 27°5 || 3 9 29°07] 990 143°5 | 39°5 | 347 
6 0/2605 | 3990 [35°70 | 316 | 272 || 84 Cl 2gt1 | «= 953 [43°5 | 39° | 353 
6 30/ 26:00 | 4040 | 34°8 | 30°9 | 24°7 5 O2gts | 926 )43°5 | 39°3 | 343 
7 30)25°62 | 4438 | 34°0 | 29°2 | 20°9 | = § 30 29°50 | Gos | 43°5 | 39°0 | 33% 
8 30/2539 | 4647 | 3470 | 283 | 18:2 6 0/29°50 605 |44°0 | 393 | 338 
9 92534 | 4697 |34°5 | 285 | 17" | 7 Oag6r] seq {44's | 4oro | 347 
9 30/25°30 | 4737 |35°2 | 29°0 | 1971 8 0/2963 | 486 ‘45:0 | 402 346 
Ir 0f25°30 | 4737 | 382 | gan | 21°6 | 9 ©2968 | 44r 1453 | 403 | 346 
Ir 30/25°25 | 4795 | 38°2 | 30°6 | 20°3 | 10 9) 29°75 377 1 45°9 | 40°5 | 344 
12 0/2519 | 4855 | 38°7 | 30°6 | 19% | 31 0} 29°80 322 \4 “5 | 40g | 346 
12 30) 25°37 | 4875 | 387 | 297 | 17°77 | 12 O©f29°80 322 "oO | 4r°o | 353 
13 0/2517 | 4875 | 39'2 | 29°4 | 165 | 22 30, 29°65 | 9499 | 460 | gro | 353 
17. 0125708 | 4965 | 39°2 | 29°2 | 36°58 13 0 29°32 76: -|45°2 | 4o°o | 340 
22 30) 0.0. o | eee - |382 | ago | 16°6 14 29°30 779 |45°2 | 40°0 | 34° 
23 0/25°30 | 4828 | 38'2 | 29°0 | 16°6 1§ 30| 29°15 916 | 45°0 | 402 | 346 
24 0,25°30 | 4828 | 38:2 | 29.0 | 166 | 16 cago | 1053 | 44°2 | 398 346 
2§ 0, 25°30 4828 | 38:2 | 2970 | 16°6 17 ¢/ 28°90 | 1148 | 43°2 | 39°0 | 34° 
27 0,25°30 | 4828 | 38:2 | 27°5 | 33°0 17 30) 28°90 | 1148 | 43°2 | 39°0 | 4° 
27 40! 25°25 | 4840 | 382 | 27°§ +1] 13°0 18 28-90 | 3148 | 43°2 | 38°7 . 373 
28 0 25°22 | 4847 | 38°: | 272 | 12°4 | 19 29°08 978 = |43°a | 38°5 | 379 
39 0, 25°20 4865 | 38°2 | 27°5 | 13°0 | 20 29°10 959. |43°2 | 38°5 | 379 
30 0; 25°20 4865 | 38°2 | 27°5 | 13°0 21 | 29°30 77° =|43°2 | 38°0 318 
340 25°60 | 4408 | 39°2 | 29°5 | 16°7 22 0! 29°30 970 143°2 | 380 ; 318 
34 20 25°60 | 4408 | 39°4 | 30°0 | 17°7 23 ¢/29°30 | 9-770 /43°a | 981: 370 
36 0 25°50 | 4517 | 39°2 | 30°0 | 17°9 24 ©/29°33 | 742 [432 | 386 | 33? 
38 0 2542 | 4604 | 392 | 30° | 17°9 | 25 olag'so| 58a |43°3 | 39° | 339 
49 ©,25°30 | 4734 |41°2 | 31°5 | 19°3 26 0 29°38 698 (43°5 | 39°° | 33 
41 0 25°30 | 4734 (417 | 313 | 38°5 27 0}29'30 | 872 143°5 | 39°2 , 34° 
weseee | cecees eseeee 1 42°O | 3570 | 17°5 28 0] 28°30 969 | 43°3 | 39°0 339 
42 0 25°50 | 4538 |42°0 | 31°0 | 17°5 29 0/28°972 | 3375 | 42°5 | 37°5 nt 
42 30 25°70 | 4332 |43°2 | 32°§ | 19°97 3° 0] 28°55 1463 | 42°0 | 37°3 | 3! 
43 025°990 | 4136 | 43°3 | 33°0 | 20°7 30 30/2825 | 1689 | 40°6 | 36° | at 
44 0/2660 | 3450 | 42'5 | 35°5 | 27°0 31 0, 28'00'| 1944 | 39°6 | 36° | 
45 0, 26°78 3274 42°0 | 3670 | 28°6 32 01 27°90 | 2046 | 38°9 | 35°5 | 393 
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Taste II. 8.--Twenty-rourtH Ascent.— December 30, 1864 (continued). 


| | . 
Reading : 
Temp. | Temp. | Time of Height | Temp. | Temp. 
‘| of the of the observa- pf the above the Te the of the of the 
Wet- Dew- tion. reduce d Wer- | Dew- 


bulb. | point. | P.M. to 32° F.| the sea. | “A/F bulb. | point. 


° c | hm _s| in. feet. ° ° ° 
33°00 | 29°5 || 3 5m C2771 | 2252 | 34'2 | 33°r | 312 
33°9 | 29°5 || 52 cl 28-20 1793 | 35°5 | 33°O | 29° 
32°r | 284 || = §4 C,2g°co | 3022 |42°0 | 380 | 3371 
32°2 | 28°97 §5 01 29°30 731 |42°§ | 387 | 34°0 
y2'o | 283 |) 56 clag4o| 634 |/43°0 | 39°2 | 34°6 
32°0 | 30°0 §6 30 2947 | 561 | 43°8 | 39°5 | 34°4 


57 0129°56 | 472 |43'7 | 39°8 | 3572 
32°0 | 30°70 57 39) 29°70 448 | 44°0 | 402 | 35°7 
320 | 310 | 8 §8 ¢129°79 | 331 | 44°2 40°6 | 364 
387 | 30°0 | 59 92980; 322 |44°4 | 40°8 | 36°6 
3270 | 310 || $9 golag85| 70. [445 | 40'9 | 367 
320 | 310 | 4 0 o} 29°89 ! ground | 44°5 | 41°2 | 37°3 


la 
U 


’ 
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§ 5. Variation or TEMPERATURE OF THE AIR witH HEIaur. 


Every reading of temperature in the preceding Tables, or the means of | 


small groups of readings when observations have been taken in quick succes- 


sion at about the same altitude, or when the Balloon has passed and re- 
passed through nearly the same space within a few minutes—as, for example, | 
on December Ist, between 3" 44™ and 3° 49™ it fell from 4464 feet to 3170 
feet, and rose to 4170 feet—these readings, or means of readings, were laid 


down on diagrams, the points joined, and a curved line made to pass through © 
or near them, so that the area of the spaces between the original and the. 


adopted lines on one side was equal to that of the spaces on the other aide. 


Thus treated, temperature decreased with increase of elevation on December — 


1st and’30th. On February 27th it was found to increase, after attaiing 
the altitude of 4647 feet. On descending, the temperature at first declined, 


and at 4800 feet the reading was the same as at the same elevation on as- 


cending ; then a warm current was met with, and the readings at the same 
elevation were much higher than were noted in ascending, and continued so 
through a space of 2800 feet, below which they were lower than on ascend- 
ing ; in conscquence of these differences no temperature has been adopted for 
these, and another ascent and descent were made, for which temperatures 
have been adopted. 

The numbers in the first column show the height in feet, beginning at the 
ground and increasing upwards ; the numbers in the second column show the 
interval of time in ascending to the highest point; the notes in the third column 
show the circumstances of the observations; the numbers in the fourth and 
fifth columns the observed and the approximate normal temperatures of the 
air; and those in the next column the difference between the two preceding 
columns, or the most probable effect of the presence of cloud er mist on the 
temperature, or other local disturbing causes. 

The next group of columns is arranged similarly for the descent, and the 
other groups for succceding ascents and descents. 
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Tastz I11.—Showing the Temperature of the Air, as read off the curve 
drawn through the observed temperatures, and as read off the curve of 
most probable normal temperatures, called adopted temperatures, and the 
calculated amount of disturbance from the assumed law of decrease of 
temperature, 


TWENTY-THIRD ASCENT. 


Temperature of the Air. 

Demuth 1. Ascending | Descending. 
sme the meal Between Ob- {Adopted Gated 
cel of the sea. what |CHCUM-| served tempe- jeffect of 
temp. | rature. |disturb-|| times. stances. temp. | rature. | disturb- 
ance. 

i?) ° ° 

5400 . ; 29°3 | 29°72 | + 02 
$200 . ° 29°6 | 29°6 oe) 
5000 ’ ° 30°0 | 30°. j— O71 
4800 | 30°5 | 30°3 [+ o2 
4600 ° . 31° 30°5 + 05 
4400 . — o 314 30°8 + o°6 
4200 2 |+ 0 | 3r8 | 312 (4+ 06 
4000 1rj-°o 32°4 | 307 |+ 07 
3800 g ‘9 |+ o° > 32°5 | 32°71 {+ O74 
36c0 : 6 Ito g 32°4 | 32°4 — 
34.00 g . 39°2 jt 06) @ | 32°5 | 32°7 | 0'2 
3200 + 4 39°7 |+ O4)) JF | B | 326 | 3372 |— O°§ 
3oO°0o 4, 40°2 |-+ O° | “ | 33°90 | 33°6 j— 06 
2800 8 be 408 |— Ol; s oz | 33°5 | 341 |— 06 
2600 a 4u5 |— 0° i ® o, | 35° | 345 [+ o5 
2400 a: 42°2 |+ oO | ow | 8 | 357 | 35° [+ O7 
2200 a S 430 | oo} | & | 362 | 35:7 I+ 05 
2000 3 o 43°77 |— 0°5 no 36°6 | 36:3 |— o2 
1800 2 4474 |— 0'6 5 37° | 38:0 |— o9 
1600 fx 4570 jt o'5,| * 33°3 | 389 |— 06 
1400 45°6 |+ o2 416 | g0'o [+ 1°6 
1200 46°2 o'o| 402 | arr j4+ o7 
1000 46°7 |+ o'1! 40°9 | 41°99 |— Io 
800 472 |— o'2 41°7 | 42°4 |—- 07 
600 476 |— 04) 42°6 | 43°70 |— 0% 
400 479 |+ O18 434 | 43°6 |— 02 
200 48°0 |+ o-2 45°3 | 443 |+ 10 
0 48:0 | 00) 454 | 453 |+ 03 


December 1.—Tho temperature of the air at the height of 400 feet was the 
same as on the ground, viz. 48°; on passing above this point the temperature 
declined to 473° at 600 feet, very slowly to 454° at 1600 feet ; a decrease of 
1} then took place in the next 200 feet, remained very nearly the same for 
4X) feet more, and then declined to 414° at 2600 feet, still decreasing gradu- 
ally to 384° at 3800 feet, and then rather more quickly to 293° at the 
highest point. On descending, the temperature increased very uniformly 
hil 4000 feet was passed, then almost without change through a decline of 
“0 feet, or to 3200 feet high ; increased 1° in the next 400 feet downwards, 
end 11° in the succeeding 200 feet; after this the temperature increased by 
pretty even amounts, till the height of 1800 feet was reached ; here a warm 
current was entered, for by the time the balloon had descended to 1400 feet, 
the temperature had increused to 414°; it then declined to 41° at 1000 feet, 
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after which it increased by even amounts till within 200 feet of clevation, 
where the temperature was 45°°3, being only 0°1 less than that found on the 


ground. 
TasxR III. (continued.) 


TWENTY-FOURTH ASCENT. 


Temperature of the Air. 
1864. : : 
December 30 | Ascending. | Descending. 
Height, in feet, Calcu- |, | calcu 
shore ik mean ‘Between Cireum a ie sted paver Ci | Ob- [Adopted aor 
of the sea. rh *, te - ct w ICUM- seeved | te - leffect o 
sinnes: Bassas ‘temp. perure. disturb. | times, |*tances- temp. rature. disturb 
ance. |' ; ance. 
fiaat bit ° .) . © t ° ° 0 
of cloud, | 
2600 auassal 32°3. | 32°70 | + 073 | 7 | 00 
cloud. | i § ; 
2400 z “ag | 32'S 32°5 0°o 8 | 0°0 
2% | Es - 1 
22c0 a. 23 33°O | 33° |— OF), oo 
2000 a | 341 | 338 [+ 03), 4 : c'o 
1800 a 34°38 | 34°8 md eed he bialloon ‘then 
1600 8 35 35°6 oo), turned |to asce nd. 
1400 8 36°r | 361 o°0 hs | 
e i 
12CO =" 36 9 36°9 rome) bad! 
1000 a 37°8 | 376 I+ o2] 3S 
800 5 39.0 | 39.0 | rol! B 
— & Misty. - ee a a ae 
ue 416 | 41°6 0°O 
° 42°6 | 42°6 oro | 
| 
3600 i 29°6 | 29°5 |-+ o*% 7 0°73 
3400 , | Se8| 271 | 274 | 03} | 
= Eo 
a | 25" Z | 
3200 _ in| 27°7 | 27°7 oo|| FB ee 
3000 B, | dense | 28°38 | 28°6 |-+ o°2 || . 2 
2800 on coud 29°§ | 29°6 |— o17 | o oc 
«a us e 
2.600 2 entering gro | 30°6 [+ 04} — 0° 
ou e 
2.400 a gr2 | 313 |— o1]| > 2 o7 
2200 R 32°2 | 32°2 oo|!| 8 o's 
ee 325 | 33°1-|- 06) 8 | 98 
1800 g e fe 
oo | - = 
1400 | 
1200 | toast 
1000 aol 
800 | 
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Tasze III. (continued.) 
TWENTY-FoURTH ASCENT (continued). 


Temperature of the Air. 


Ascending. | Descending. 


B Ob-_ |Adopted| tated 
etween| ,: - opte ate 
what Cireum- served | tempe- |effect of 

es. ‘| temp. | rature. ‘disturb- 
ance. 


ee | eg | een eee | ee 


Ob- lated 
served Adopted effect of 
| temp. P+ distur 

ance. 


35° | 34°9 | +00) a 

35°4 | 35°3 | +07 | fe} 

35 5 35°3 --0°2 - 

; | 35° | 35° 070 

B 1356 |356 | oof » | & 
° Qu 
8. | 356 | 35°6 oo|| © 
be 360 | 358 | +o2] & a 
=| 36:0 | 36:0 oo] oy oy 
> «| 36-0 | 36°0 0° | af Su 

35°99 | 35°9 oro] 

vests coe te 

coceee | secee seneee | B 

| 

wi «| 3772 «| 37°2 0°0 |I sus 
8 372 | 374 | -o2/ 7 | 
S | 377 | 377 | ool ay g 
3 38°2 | 38:0 +02 5°95 > 
a | 382 | 383 | -o1)g Sy 
BB | lee | eee | senses Bs | 2 


December 30.—The temperature of the air was 424° on the ground; it 
declined 1° in the first 200 feet; 0°-7 in the second; 0°9 in the third; 1°-0 in 
the fourth ; 1°-2 in the fifth, where it was 37°8, or nearly 5° less than on the 
ground; it then decreased by amounts varying from 3° to 1° in every 200 feet, 
till 2400 feet had been passed, where the temperature was 324°, declining to 
321° at 2600 feet. The balloon thon turned to descend, the temperature re- 
maming at nearly the same value, viz. 32°, for 400 fect, and increased 3° on 
falling to 2000 feet, when the balloon turned to ascend, the temperature de- 
creasing very evenly up to 3400 feet: here a warm current was met with ; for 
the temperature increased 24° in passing from 3400 feet to 3600 feet, the tem- 
perature there being 294°. On descending, the temperature decreased to 284° 
at 3100 feet, and remained very nearly at that value for the next 800 feet, 
but increased to 29° at 2400 feet and to 30° at 2200 feet; after this it in- 
creased about 4° for every 200 feet, till the balloon had fallen to 1000 feet, 
and 14° whilst passing from that to 800 feet ; the balloon then turned to re- 
ascend for the second time, the temperature remaining at 36° whilst passing 
upward from 800 feet to 1400 feet; it then declined about 3° in passing 
throngh the next.200 feet, and remained nearly at that value till 2400 feet were 
reached, and fell to 343° at 2800 feet, when the balloon turned to descend, 
the temperature increasing from 34° at 2800 feet to 38°2 at 300 feet; on 
asain ascending, the temperature did not vary until 600 feet was reached, but 
declined to 37°2 at 1200 feet, and gradually increased to 38°4 on the ground. 
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Tasxe IIT. (continued.) 
TWENTY-FIFTH ASCENT, 


) | Temperature of the Air. 
1865. 
February 27. Ascending. | Descending. 


Height, in feet, | Calcu 
above the mean |Between: «:_14_ Ob- |Adopted lated _ Between 
level of the sea. | what served | tempe- | effect of || what 


Caleu 
Ob- {Adopted lated 
served 


Cireum- tempe- | effect of 


times. | tances. temp. | rature. disturb- times. disturb. 
ance. ance. | 
° ° °o 
5000 Above | 39°4 | 33°4 | +6°0 | 
4800 Cloud. | 38°3 | 33°t | +5°2 | 
4600 34°09 | 33°2 | +0'8 | | 
4400 34°0 | 334 | +0°6 
4200 34°3 | 336 | +07 | 
4000 g 350 | 33°8 | +41°2 | 
3800 ey 34°38 | 34t | +071) gy | 
3600 a 34°38 | 345 | +03|| 3S 
3400 he 35°% | 35% oo|/ 8 
3200 “ts 35°8 [358 | ool & ! 
3000 g 3772 | 36°99 | +03) 8 | 
2800 ; 38°0 | 37°83 | +02 B | 
2600 A 394 | 387 | to7]| 3 ' 
2400 g 404 | 39°6 | +08) | 
2.200 Os 415 | 407 | +0°8]) oy | 
2000 a 4278 | 4x7 | +47 . 
1800 ” 43°9 | 42°38 | +1°1 ‘ 
1600 44°91 43°7 | $E21 tg 
1400 45°§ | 446 | +0'9]) & 
1200 45°38 | 45°6 | +o2]] ° 
1000 46'5 | 466 | —o'x 
800 47°° | 47°7 | —O'7 
600 48°7 | 489 | —o'2 
400 49°9 | 50°09 | —O'! 
200 51°3 | §rr | +0°2 
° §2°3 | 52°3 oo 
3600 33°6 | 33°5 | +or1 
3400 339 | 340° | -O'! 
3200 g 342 | 34°8 | —0°6 
3000 fy 35°7 | 35°4 | +03 by 
2800 % 362 | 35°99 | +03] 3S 
2600 + 367 | 36°5 | +02 B 
2400 i 37°2 | 37°2 ool} % 
2200 x 37°8 | 380 | —o2ll + 
2000 on 38°9 | 38'9 fos) 3 
1800 3 40.0 | 39°38 | to2]| & 
1600 xe) 41 | 40°6 | +o°5|| *& 
1400 a 42°31 414 | +09] +c 
» 1200 a 430 { 42°3 | +o°7|| 6 
1000 A, 43°7 | 43°2 | +0°5 
800 53 44°3 | 44°90 | +03 
600 44°9 | 44°83 | +0'1 
400 é 45°7 | 45°7 o’o 
200 srceee | sevcee | oceeee 
Oo } fF 4 eacces oecvee Oscees 


February 27.—The temperature on the ground was 52°-3, which declines 
1° on passing through the first 200 feet, and about 14° in each space of 
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200 feet up to 800 feet, where the temperature was 47° or 5°3 lower than on 
the ground: the decline was then less rapid, for on passing through the next 
“) feet the whole decrease was 2°°1. The temperature then declined rather 
more rapidly to 35°'1 at 3400 feet high ; at 3600 feet it was 342°, and varied but 
ttle from this till 4000 feet had been passed ; it then decreased to 34° at 4600 
feet, when it suddenly became warm, the temperature increasing to 383° on 
passing above 4800 feet, and to 394° nearly on reaching 5000 fect, the same 
temperature having been passed at 2600 feet. The balloon then turned to de- 
send, the temperature at first decreasing to 38°-4 at 4800 feet, being the same 
«8 noted on ascending: here a warm current was met with, and the tempera- 
ture increased rapidly ; when at 4200 feet it was 43°3, being 9° warmer 
than was noticed at the same elevation on ascending; this excess gradually 
diminished, till at about 2000 feet high the temperature observed during 
the descent was very nearly the same as noted during the ascent; and below 
this the temperatures were all lower by.some degrees than were recorded at 
the same elevation during the ascent: these differences seem to be chiefly 
wing to the presence of cloud situated between 3100 feet and 4100 feet 
zh, or 1000 feet in thickness passed through in ascending, and seen at the 
ame level, but not passed through in descending. The point where the tem- 
»ratures noted were the same ascending and descending was a little below 
* cloud-plane ; at lower elevations, to the ground, the air was some degrees 
vimer under the cloud, during the ascent, than in the absence of cloud 
wing the descent. The effect of the presence of the cloud in this ascent 
vems to have been to cool the air several degrees ; and this cooling influence 
xems to have extended for nearly 1000 feet above the cloud, and for 500 
¢ 600 feet below; nearer the earth the presence of the cloud seems to 
iave exercised a warming influence. In ‘the descent it will be seen that the 
temperature differed very little from 43°, from 4200 feet high to 1000 feet 
tigh, the depression’ to 41°+ from 3000 feet to 2600 feet being evidently 
nfinenced by the passage through the cloud-plane. On ascending again, 
int haze was passed through, then cloud entered, giving readings differing 
tat little from those met with in the first ascent. On descending to the 
earth, temperatures a little lower, owing apparently to the diurnal decrease 
a temperature at these altitudes, were met with, thus far agreeing with those 
curing the first ascent; and comparison with those during the first descent 
through a large break in the clouds gives a great deal of information upon 
the large influence exercised by the presence of cloud. 


_In previous Reports a Table (No. IV.) was formed here, showing the 
“ecrease of temperature in every 1000 feet; as no additional information at 


gh elevations is given this year, this Table has not been formed. The 
rsults of Table V. of preceding years are included in Table III. of this year, 
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Taste VI.—Showing the Decrease of Temperature with every 


Dee. I, | Dee. 30, 


He eight, 1864. | 1864. 
above the ; State of the Sky. 
level of the 
sea, G 
ear? | Cloady. 
. : . 
| 4 to w . w . te 
Pla] eid 2/2 /2)3)2 |] 
ce: Pig ld 
From | ‘To 3 a : < A j A j a 
feet foet. fe] ° 1°] ° t°] ° +] ° o ie) 
4900 5oce o°§ Or ee e ee ee oe 
4800 | 4900 || o6 | oF os ee . ws os ~ tu 
4700 4800 O°4 o°r ee ee ee ee e I oe 
4600 4700 o°4. Or! ee oe oe ee } * 
4500 4600 O°7 O°: oe ae ee eo « 1s 
4400 45cOo o’8 ou es ee ee eo . 
4300 4400 0°s 0°! ee es oe ee ee ° ° 
4200 | 4300 06 o°2 oe ee | ee ee e ‘6 
‘4100 4200 o°§ roby 3 ee eo ae ee ee e e ' ee 
4000 | 4100 | 04 | 0°3 ee oe ee | ce oe oe | “ 
3900 | 4000 0°4 on ee ee ee oe ee ae 
3800 | 3900 O'4 o°2 ee ee ee oe ee oe oe vs 
3700 3800 o*4. o°2 oe e ee ee oe ons ® ee 
3600 3700 0°3 or oe ee ee oo ee ee e . 
3500 | 3600 || 03 ov! ee oe |+r'0 |-+40%%4 eo ee os rm 
3400 | 3500 0°3 o°2 oe ee [+1°r [-+40'5 ee oe oe ee 
3300 | 3400 o°3 o°3 oe ee o’e 0°o ee e oe oe 
3200 3300 o°2 Coy | oe eo 0°3 o"o ee e ee 
3100 3200 roy J o°2 ee ee 0°4 0'o oe ® oe oe 
3000 | 3100 0°3 03 oe ee O°§5 j-o'r oe . ee 
2900 3006 ©] 3 03 eo oe ors +0 I ee e ee 
2800 | 2900 || 03 o'2 ee ve 0°5 0°o ee . oe 
2700 | 2800 0°73 o'2 ee ee O°5 o'r o'2 O74 . : 
2600 | 2700 || 04 | o2 oe oe O75 | o2 | 0 O'4 | oe 
2500 | 2600 || 04 | o°2 o"2 oo {| Of | OF o°2 o'r oe 
2400 | 2500 |] 0°3 03 073 o'r 0°3 03 o°2 o'l oe : 
2300 | 2400 |} 04 0°3 03 o'r oq | 03 0°0 o°r : . 
2200 | 2300 || 04 o°4 o°3 oo | O's o"%4 o°0 o°0 ee ‘ 
2100 | 2200 || 04 o'5 0°3 o2 | Of | O% or roe) ee 
2000 | 2100 || 03 0°6 04 03 O's 04 o°2 o'r oe 
1900 | 2000 |} 0°3 | 06 || o5 | «- ws | 03 | oo | O81 | oe | 
1800 | Ig00 || 04 0°6 O'S ee . o°2 oo | o'o oo 
1700 | 1800 0°3 roo 04 oe oe o'2 0°O roe) ve . 
1600 | 1700 || 03 0°4 o"4 ee . 03 foe) roe | oe 
1500 | 1600 | 0°3 0's 0°3 oe ae 0°73 o°r o'r . 
1400 | 1500 || 03 0°6 o'2 "ee oe o'2 o'r co oe , 
1300 | 1400 || 073 0°6 04 ee ee o72 | OF 0°0 oe 
1200 | 1300 |} 0°3 0°5 04 ve oe o'2 o'r ro ‘ 
1100 | 1200 || 03 o'4 04 oe oe 0°3 0°0 or | oF | OO 
1000 | 1100 || O'2 04% || 07% oe ° 0°73 oo | ofo | or | OF 
goo | 1000 | 0°2 073 o'7 ° o°§ |+o71 o'% or | oO} 
Boo | goo |, 03 o°2 o'7 : ee 06 | oo | or | o2 | OF 
700 | 800 |i o2 | of |] o's . os - or | or] OF 
600 | 700 || o°2 0°3 0'4 oe oe o2 | o2 | 00 
g00 | 600 o2 0°3 0°5 oe ee e og | o1 | OF 
400 | 500 | O17 03 o°5 oe oe . o4 | o2 | 0! 
300 | 400 | or | 073 o'4 . oe . es » | ot 
200 | 300 | o'o 04 0°3 ee . oe o0 
1co | 200 || ovo 0°4. 0's : oe oe 2 | OF 
o | I00 | fos) 04 |! ots . . oe . . . | or 


No. of col. 1, 2. 3 4. 5, 6. 7, 8. 9, 10, IJ 
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of 100 feet up to 5000 feet. 
, General mean (omitting July 17, 1862, August 31, 
Feb (2, Mean. | 1863, January 12, Apul 6, July 13, 20, 97° 1904, 
j and February 27, 1865). 
State of the Sky. 
Cioudy. Cloudy. Clear. 
° | ° | Space Space 
fF § vot | mee Net dhrough 
; J j | ments. || Mean. | experi-| for e || Mean. | peri | fora 
4 ments. | decline | ments, | decline 
< | l of 2°. of 1° 
« | © ° feet. ° feet 
- oe | oe - oe 03 2 03 | 20 333 || 0% 12 333 
eo | ee ee ee ee 03 2 03 20 333 03 12 333 
co! we we 1 O'0 I 03 2 0°3 20 333 o3 | 12 333 
wr se ee I 0°73 2 o°3 | 20 333 || o3 | 12 333 
a’... | -. |oos I 04 2 0°3 21 333 0°3 12 333 
Wry oe oe =| O78 I 0°§ 2 0°3 ar 333 03 12 333 
ge ec | OF 1 04 2 03 24 333 | 0°3 12 333 
oe ee | o'r I 0% 2 O73 24 333 | 03 12 333 
Lee ee Hl o7 t oq | 2 o3 | 2@ | 3331) o3 | 14 | 333 
1 ee ee i OF | 04 2 03 25 333 0°3 14 333 
| ae os o'r I 0°3 2 03 25 333 0°3 14 333 
oe oe o'2 2 03 2 O73 | 26 333 | of | 14 | 333 
aay oe o'2 2 o°3 2 0°3 27 333 0°3 13 333 
pee es o°2 2 0°23 2 03 27 333 03 13 333 
, 2 oo or2 3 o'2 2 o3 | 28 333 || o3 | 33 333 
BS | o3 o!1 o°2 3 o°2 2 0.3 23 333 03 13 333 
| 4 oI | o°2 3 0°23 2 0.3 28 333 | 9°3 13 333 
4 o4 oo o°2 § o°2 2 03 3° 333 | of 13 333 
ws | o3 oo o'2 5 o°2 2 03 31 333 0°3 12 333 
a ol 03 4 0'2 2 04 go 250 | 03 12 333 
5° of o'l 03 4 3 2 o'4 31 250 0°73 12 333 
4) o2 oo o'3 5 0°3 2 O'4 31 250 | 03 12 333 
41 og o1 03 7 0°3 2 04 34 25° | 03 12 333 
tc! og ol 0°3 7 0°3 2 4 34 259 | of 12 333 
mr] of o'r o'2 9 0°3 2 04 | 37 25° | 03 12 333 
rs | o@ or o°2 9 03 2 04 37 25° || 03 12 333 
| o@ o°2 o°2 9 0°3 2 04 36 259) of 12 333 
rs} og | 03 | 03] 9 | 03] 2 |] og | 36 | 250 | o3 | 32 | 333 
3] of o'4 0°3 9 o'4 2 04 36 25° || 03 12 333 
3 | os °o°4 o'%4 9 04 2 og | 36 250 | of 12 333 
5 o's 0°6 o°4 7 04 2 04 34 250 03 12 333 
6; og 0°6 03 7 o'4 2 04 34 25° || 0 12 333 
6 0 00g 0°6 03 7 O'S 2 o4 | 36 259 | 03 12 333 
5 oo 0°6 03 7 04 2 0'4 36 25° | 03 12 333 
©; o% 0°6 0°3 7 0°4 2 04 38 259 | 0% 13 250 
we oy o7 03 7 04 2 o4 | 38 250 | 04 | 33 250 
5 | 0% o°7 03 7 04 2 04 35 25° | 0%} Io 250 
7; Os o°7 o'4 7 04 2 o'4 35 25° || O'S Io 205 
s5' os o'7 03 9 0'4 2 04 37 250 ! O'S 10 209 
os !| o% o°8 0°3 9 0°3 2 04 37 250 | © 5 Ko) 200 
cy. Oo O97 03 9 03 2 0°4 33 25° || og 10 2c0 
c6 0% 0°6 04 9 03 2 04 33 250 0's 10 290 
e6 o-4 O'4 0°3 7 0°3 2 | O°4 29 250° | 0'°5 10 200 
c6 | o°4 03 0°3 7 0°3 2 04 29 25° |} O'S 10 200 
C$ 0% o°3 0°3 7 0°3 2 o's 27 209 || o°5 10 209 
c6§ | og o"4 0°4 7 O72 2 0°5 27 200 | o°4 10 250 
c6 | .. o'2 03 4 o°2 2 o's 24 209 0°4 10 25° 
Ie ee O°! O23 4 o°3 2 O'S 24 | 200! o 5 10 200 
o6 oe oo 073 4 o'2 2 0°5 200 o's 10 200 
ct | ee o"o 0°3 4 o'2 2 06 | 10 167 


24 
0°6 24 167 
20 21, 22, 23. 24. 


ont 
as 
but 
oo 
uni 
eS 
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uni 
© 
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§ 6. Varration o¥ tHE Hyrerometnic Conprrion oF THER Are Wits Exzvarion. 


All the adopted readings of the temperature of the dew-point in Section 4 
were laid down on diagrams, and joined by lines drawn from one to the other. 
In the case of the temperature of the air, when thus joined, a curved line can 
be drawn through them, giving equal weight to every observation ; but this 
cannot be done with respect to the temperature of the dew-point, it being far 
more variable than the temperature of the air; and the numbers in the fol- 
lowing Table are those read at every 200 feet, from the diagram formed 
simply by joining the points of observation. 


Taste VII.—Showing the Variation of the Hygrometric condition of the 
Air at every 200 feet of Height. 


TWENTY-THIRD ASCENT. 
Humidity of the Air: . a 
1864. — = 
December 1. Ascending. | Descending. 
Height, in feet, Tempe- De la Deere 
above the mean |Between Pe" j| Elastic | O°8F°* | Between compe“) Elastic 
level of the sea. | what Circum- The dexe,| force of hee | what Cireum- The dow..| force of a 
times. |) point, | "@POUr-| “dity, || times tances. t. | TEPOUF: | - dity, 
° in. ro) ; in, 
§400 15°O | °086 53 15°3 | 087 
5200 13°O | 078 | 45 16°9 | ‘093 
5000 12°t | °074 42 184 | ‘100 
4800 14°4 | 083 | 45 18°5 | ‘100 
4600 17°78 | -097 | 50 18°7 | ‘101 
4400 20°4 | °130 55 I9°r | °103 
4200 22°0 | °118 54 I9°3 | ‘104 
: 23°7 | °137 57 19°6 | °106 
3800 A 25°7 | "139 | 39 || # 17°§ | "096 
3600 Ay 28°5 | °156 65 g 15°9 | ‘089 
3400 a 29°3 | °162 66 | 19°4 | °105 
3200 + 4 29°6 | ‘164 | 66 |, = 7 23°0 | 123 
3000 4, 296 | 164 | 66 | & 26°7 | 145 
2800 8 th | 29°6 | 164 | 62 5 z. 27°9 | 153 
2600 2 f: gor | 168 | 6 S | & | 305 | -170 
2400 2 a 35°O | °204 ; *% 30°9 | 173 
2200 4 & 37°6 | -2a5 t bes E 314 | 176 
2000 3 36°9 | ‘219 79 8 . 3r°8 | "179 
1800 36°5 | ‘216 | 76 ; 32°5 | "184 
1600 £ 36°99 | ‘219 | 72 34°7 | ‘201 
1400 37°% | ‘2ar- | 72 36°83 | °218 
1200 37°6 | ‘225 | 72 37°2 | °222 
1000 38°6 | °234 73 39°0 | -238 
800 38°83 | +236 | 73 39°3 | *240 
600 38°§ | 233 | 75 39°5 | "242 
400 39°5 | 242 | 72 39°9 | 246 
200 39°5 | °242 72 40°2 | “249 
° 40°0 247 74 40°5 | °252 


December 1.—The temperature of the dew-point on the ground before start. 
ing was 40°, or 8° below that of the air ; this difference slightly increased to §f° 
at 1600 feet, when the air became more moist, the temperature of the air a 
2200 feet being 43°, and that of the dew-point 374°; these temperatures then 
separated suddenly, the difference between them at 2600 feet being rather 
more than 11°; this difference remained about the same until 3600 feet wer 
passed, when it began to increase quickly up to 5000 fcet, where it was 19°, 
the temperatures of the air and dew-point being 31°-1 and 121 respectively, 
the degree of humidity being as low as 42. Tho air then became somewhst 
more moist, and the degree of humidity increased to 63 at 5400 fect; at 
5000 feet, on descending, the temperature of the air was 30°, and that of the 
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dew-paint 18°-4, showing a difference of 11°6, which increased gradually to 
123° at 4000 feet ; the air then suddenly became much drier, the degree of 
humidity being 48 at 3600 feet, and the difference between the temperatures 
of the air and dew-point was 164°. The air then became much more moist, 
and continued 80 till the ground was reached. The most humid state was 
experienced at the height of 1000 feet from the earth. 


Taste VII. (continued). 
TWENTY- FOURTH ASCENT. 


Humidity of the Air. 


Haght, in feet, | | 
Between! -.: Tem | . Tempe, Elastic Degree 
vel of the sea. | what | Cireum- rature o Elastic | of ||" Sha, Circum-/rature of ¢ hoe of hue 


mi- 


, {the dew- 
times inte |vapour.| dity | times faneet pointe | VAPOUr. | “dity, 
—____}-__ ___ __ . 
in. ° in, 
2600 of dowd. 40°0 167 91 | 27°2 | °148 83 
Entered 
2.400 cloud. | go°7 | °172 94 | ss 28°6 | °337 76 
~ » 
4 | 3 i i 
33 Bw > 
‘3 aS ap 23 
2200 - < goo | *167.{| 89 q p 4 3o'2 | *368 93 
% ne: 
3 o8 | 172 | 88 | o'5 | ‘170 | 92 
1800 oO 70 9 | 173 | 386 | Thebal loon thjen 
1600 a gro | '174 | 84 -{) turned | to asceind. 
3400 “ gir | 174 | 82 
1200 g 313 | °176 81 
1000 & 314 | 176 | 77 
300 31-6 | 178 75 
600 Misty. | 31°5 | ‘177 | 72 
400 32°2 | °182 71 
200 33°5 | "192 | 73 
° 34°9 | 203 | 74 
A 
3600 . 14°4 | 083 | 51 ‘out 180 | ‘098 | 62 
A > In very 
% | EP. coud 
3400 "7 +h 23°6 | "127 | 86 22°6 | ‘121 | 78 
mm | Bam 
a |<E Z 
| 3200 oe 26:0 | ‘141 94 5 22g | "122 | 92 
3000 & | SB | 265 | 144 | 97 e 244 | 131 | 35 
2800 e sd | 27°5 | “150 92 ws 25°6 | °139 9: 
2600 ‘ce [Suse] 287 | °158 | 9T Tout ot | 27" "148 | 96 
enterin d. 
2400 E cloud.” gorr. | *168 96 x clou 27°6 | ‘151 95 
2200 32°2 | °182 | roo ws 28:4 | "156 94 
2000 30°5 | ‘370 92 oy a8-7 | °158 92 
1800 s 2970 | ‘160 | 92 
1600 B |’ 20°: | ‘160 | yo 
1400 ° 294 | 162 | 90 
3200 29°8 | °366 | 90 
3000 30° 107 89 
oro | °3167 5 
‘0 | Thebal loon thien 


|turned | to ascend. 
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TasE VII. (continued). 
TWwENTY-FocrTH ASCENT (continued), 
Humidity of the Air. 
1864. 
Dec. 30 (con?.); Ascending. | 
Height, in feet, | , Derr 
t ; 
level of the aca. Between Cireum- nie of Between m- rature Plastic h of 
times. | stances. Tie tlew- times. | stances. vapour. ay, 
2800 4 ' 85 
2600 ° | ' 83 
2000 2) ¥ oe | & $3 
ae 5 | wd 5. 3 
1800 gq 8 3 uw & a 82 
14c0 ma] & | sp | 2 82 
1200 3| a 5B | & 82 
3000 81 
800i! 79 
600 | 
400 
t 
120000 3 | 345 199 | 90 
1000 y 8 3 34°6 | ‘200 go 5 uw e 
Boo gm Z| 349 | 203 | or Fy 8 
600 E ae | 3570 | "204 | 89 “4 8 fl 2, 
goo a,“ 3570 | "204 | 89 Ill B | S 
200 S see H} 3 % | fe 
° ece eee | een | ° | _ 


December 30.—The temperature of the dew-point on the ground was 34°9, 
and the humidity 74, the former decreasing to 314° at 600 feet, where the 
humidity was 72; the dew-point then varied but little, and much less thn 
the temperature of the air, s0 that the degree of humidity increased to the 
height of 2400 feet, then was smaller at 2600 feet. The balloon descended 
then to 2000 feet, then turned to ascend; the air continued humid till 3200 
feot was passed ; the degree of humidity at this point was 94 ; above this point 
the air was much drier. During the subsequent successive ascents and descenll 
the air in the lower atmosphere was found to be very humid. 


February 27.—The temperature of the dew-point on the earth was 35°, # 
14°-3 below that of the air, the air being consequently unusually dry; 
particularly so for Fobruary, the degree of humidity being 59 only. On 
ascending, the air gradually became more moist, till the height of 3200 feet 
in the centre of cloud, where the degree of humidity was 78. On leaving 
the cloud below, the air became drier, and was the driest at 5000 feet high, 
where it was 37. On descending, the air was much drier down to 2600 feet 
than at corresponding heights during the ascent. No cloud was P* 
through, and at lower elevations the air was more moist than in the NO 
On ascending again through cloud, and descending also through cloud, {3° 
results were very similar to those noted in the first ascent, the most ha 
stutes being those in the cloud, which in the last descent were found 0 
little short of saturation. 
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Taste VII. (continued) 
TWENTY-FIFTH ASCENT. 
Humidity of the Air. 


Descending. 


| | 
Tempe- .,| De 
Betweenl cireum-lrature of Elastic | “of 


wh .|the dew- force of - 
| dimes. | aneen|the dew~ vapour. | hamt 
° in. 
I 5 "089 37 
16°4 | ‘og! 3 
18°7 -o98 n 
19°4 | “Ices | 39 
| 20°5 | *110 | 41 
rd 218 | x17 | 42 
3800 : 3 4% || # 23°7 | "127 | 46 
3600 a 3 75 e 25°§ | “138 | 50 
9 27'4 | °% 
i300 a |” as | One 28°6 15 3° 
3000 . 14 S | Sin | 28°8 | “158 | 60 
2800 “ 72 J clouds. | 29°0 | "160 61 
2600 8 69 @ |. | 30% | *x70 | 66 
2400 Below 69 g | Below) 32°6 | 185 | 69 
' 2200 7 | cloud. 69 || os | level of | 34°9 | 203 | 73 
2000 a . 63 wm =| cloud. | 33°9 | “195 | 7° 
1800 gq | 66 ss 33°8 | ‘194 | 70 
1600 aj 65 + 33°7 + °193 | 6g 
1400 aan 64 | BY 33°5 | “192 | 69 
1200 i 62 33°4 “19! 69 
1000 60 345 | “399 | 70 
800 | 60 || 34°0 | *196 | 69 
600 | 37 | 344 | 299 66 
00 "3 «| «°20 
S00 3? | | bat oon t hen’ 
° | , 59 |! | turned to asce nd. 
| ! ! 
3600 | In joo | °167 87 | In 30°§ | 170 | ot 
3400 _ + Cloud. | 28°6 [157 | 81 cloud. | 30°9 | °17 94 
3200 =| | 28°5 | °156 80 | 302 | °16 gr 
3000 Oy 29°7 | "165 79 3r°O | ‘174 94 
2300 z ' 5 zoro | 167 73 z In 310 | "174 94 
2600 P 30°3'| "169 | 78 1 & | oud. | 319 | “180 | 97 
2400 a | A [gro [174 | 79 «|| oe | 34 | 176 | ga 
2200 fn | 30°9 | 173 | 77 || » | Below. | 37° | “174 | 87 
20C0 2 313 | 176 | 7 cloud. | 30°2 | "168 | 83 
1800 = | Below | 3!°2 | “175 71 Ss 29° | °161 79 
16co © | cloud. | 31-3 | “276 | «(68 > joo | °167 | 78 
1400 a 314 | °176 65 | ° gro | 174 ' «74 
1200 So} 32°o | °381 66 8 32°00 "181 | 72 
10co 4, 32°7 | °186 65 | i 331 188. 93 
Sco g 33°4 | ‘19% 66 : 33°8 | *194 | 7 
600 2 3470 | 196 | 66 |; | 34°4:°199° «7 
4co aa 34°8 | ‘2c2 66 | l 360 212 | 74 
200 | | 36°6 | °217 74 
° | | | 373 | "223 | 76 


L 


The numbers in this Table having been found from experiments taken at 
diferent times in the year, and under different circumstances from those in 
previous years, can scarcely be combined with them, till we know more about 
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the general laws at the different seasons of the year. I defer for the present 
making any further use of them, particularly as their combination would not 
change the general Tables previously found, 


Taste VIII.—Showing the Degree of Humidity at every 200 feet. 


= 


Dec. 1, 1864. | December 30, 1864. | February 27, 1865. 


State of the Sky. 


erimenta, 


cn ee | DO | Pn | 

o| & “ t) 
Ele fet | 

3 8 3} 4) |: 

Z| Et: 

S| 8! IS zich 

— jt je 

| | | 

weeye eel § Hi 

[ooot..§gt ; 

137! 25 

‘lag! 2512 

14.61 2542 

146 2.5712 

so 2:50|3 

56| 2157/2 

60 2.§5/3 

69] 6:56; 

78 6,62 

wes|oacleos $2) 666!3 

Bolo... ie 6763 

92/91|84|85 wel. 82) 8703 

91/83 91,9680 83)/...]... \g3izoira|2 

94176 96.95 80/83) coeleee WBaj10 79:4 

89'93/100194 80/82)...|... B4l10 5112 

88\92 g2\92 weoleee 82)10 8c, 4 

1800 76 83 |/86)...] ... 92/83/82)... 79) 880.1 
1600 72 87 |.84l...| ... 190/84/82)...|... 79] 8.794 
1400 72 83 |I82/...) ... yesfees 6. 76! 878 2 
1200 72 86 |[84)...|... 23 1079 4 
1000 73 93 ||77|...! -+ ligqi10 83 3 
800 73 QE 1175 }ese] ose i\76|10 82:8 
600 75 Bq ll7a...| wae [ese] eos i173| 882 4 
400 72 88 ji7tl... 73| 88¢,4 
200 72 82 |/73/--. 72) 4774 
° 74 | 83 ||74!... 73] 4747 

1. 2 38 £5. 6.7.89.1011 12 13 14 15, 1617.18 


_ The numbers in this Table show, as in all similar experiments at all times 
in the year, that the moisture in the air is very different at the same elevation 
at different times ; and that the moisture on the same day was differently dis- 
tributed over different places. The most remarkable in this Table is that of 
the first descent on February 27, the balloon having ascended through clouds, 
descended through a break in the clouds, and then ascended and descended 
again through clouds, showing a marked difference at the same elevation 2 
the degree of humidity of the air. These results are too few, and having 
been deduced from experiments made at a different season of the year from 
those previously made, had better be left till more winter ascents have bee! 
made to combine with them, . 
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§ 7. Comparison oF THRE TEMPERATURE OF THE DEW-POINT, AS DETERMINED BY 
DIFFERENT [NstTRUMENTS AND METHODS, AND COMPARISON OF THEIR RESULTS 
TOGETHER. 


Tasts [X.—Showing the Temperature of the Dew-point, as determined at 
about the same height by different instruments and methods, and compa- 
rison of the results together. 


Under 1000 feet. 


Dew-point. ‘Temperature of the dew-point as deter- 
temperatures. mined by 


Regnault’s 
Hygrometer. 


| d hm feet. ° ° ° ° 
De. 2 © © (ground! 404) ., | 40°2 
I 15 |ground, 39°1| --. | 40°0 
2 30 |ground| 40.0] .. | 40°0 
Dee. 30 2 55 565 | 332] -» | -- 
Feb. 27° 2 §2 (ground! 380; .. | .. 
258 | 957 | 347) --. | 35°0 
3 605 | 33°38] .- | 340 
| 3.10 | 377 | 344 
! 3 34 | 779 | 340) ++ | 34/0 


= 


Dee. 1 3.57 | 2662 ee [+0'5 
4 Oo 2691 e +07 

Dec. yo 2 22 | 2634 . -- |[+#2°0 
2 44 2219 es [04 

Feb. 27 2 47 «(| 2382 os [4-01 
249 | 2330 on 1 O'7 
335 | 2271 oe [14 


184, RE PORT—1865. 


TaBie IX. (continued). 
From 3000 to 4000 feet. 


Dew-point 
peratures. 


meter 


as 


Www HBWwWwouo B” 


PRP ND NWWUW 


12°2 


| Dee. I 2 38 | 328 


E fare]. f= [ees] | | 


TaBie X, 


Excess of Temperature of the Dew- 


point as determined by Dry and | 
Wet Thermometers (free) 
above that observed by 


Heights betwen | 


8 2 

sz | 3 sf 3 

ze / 3 B | ° 

a wh ° wa o 

Am , @ am z 

feet. feet. ° ° 

o and roco} —c'3 { 7 +-1°4 4 

1000 , 2CCO acos | ee +0°3 2 
2coo ,, 3cco}t tog! 5 | +1°0 2 | 
; 3000 ,, 4000] —04 | 6 —o'6 2 
4000 ,, 5000} +16 ; 7 | +06 4: 
' §coo , 6oco| —4'8 1 | | 


from ». 

Date. Height. gos 
B. (5G | f of Ped 

SEies | es 98 223 

BF |ES| ae fs A 


oad. . 
Cc. 'DE ub os 


* .? ‘ \ 
PTV ARSITY | 


C C2) 
Taste X1—Simultaneous readings of a delicate blackened-b raf 
fully exposed to the sun’s rays, and of a delicate thermometer tareft 
shaded from the influence of the sun, the bulbs of the two instruments 
being within 3 inches of each other. 


Cl 
\ 
\ 

XN 


December 1, 1864. 


Height Temperature of | Fycees of 


above (—__ 7 | reading of 
Tame of obser- mean Shaded (|Blackened-| Blackened- Remarks. 
° sea-level. | Thermo- {bulb Ther-jbulb TVher- 


meter. mometer. | mometer. 


hm s feet. ° © 
pa cace ground. 46°2 560 +9°8 | Sun shining. 
115 op.m.|ground.| 46°8 56°0 +9'2 


239 © w» 890 47°2 47°0 —o2 | Sun shining brightly. 
4% 0 1618 45°0 44°5 —o's5 | Sun shining brightly. 
46 0 , 3570 39°5 40°0 +o°s | Sun warm. 
sx Oo 4, | 4324 38°0 39°90 | +I1o 
55 Oo 14 4742 35°0 35°5 +05 

3 § Oo » 4496 382 33°0 +18 

9 Oo » 4128 33°5 29°5 —4o 
4 0 4766 32°2 31°5 —0O'7 
17 2 4951 a) 310 rote) 
24 O 4 5322 29°8 30°0 +0'2 
48 0 » 3973 33°0 33°0 "0 


234 3° p-m.| 3589 | 29'O 
39 SO » 797 ' 345 345 0'O | 
42 O » | 1669 | 35°5 | 35'S o"0 
43 Oo 1929 35°5 35°5 | o°o 
February 27, 1865. 


158 oO p.m. | ground ee §2°0 
58 20 + 176 514 §2°0 +0°6 
59 © » 474 49°5 51°5 +2°0 _ 
2 6 3° » 4040 34°8 35°0 +o'2 | Sun shining faintly. 


28 Oo » | 4847 | 381 383 | +02 

40 O » | 4734 | 41'2 45°0 +38 

asceee oe 42°9 43'5 +1'5 | Sun hot to senze. 

42 © » | 4332 | 420 | 435 | 15 

45 SO » 3274 42°0 42°5 +0'5 

49 © » | 2330 418 4l'0 —o'8 | 
56 39 644 | 460 46°0 oxo) | 
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December 1, 1864. 


Observations of the time of vibration of Evans’s Magnet and Glaisher’s 
Magnet. 


Evans’s and Glaisher’s Magnet. 
Place of | Height 
1864. observation. | so4 level. | No. of vi- | ‘Time oc- 
brations in| cupied in 
each set. | each set. 
hm feet. s 
Dec. 1. 2 48 {In Balloon.| 3600 28 45°2 
2 52 ” 4200 50 119°S 
2 56 ” 4800 20 50°0 
2 56+ ” 4800 28 68°4 
3 1 ” 5000 34 56°2 
3 2 ” 5000 10 232 
3 7 ” 4100 3° 5°°5 
3 12 » 4300 40 93°3 
3 16 9 4900 20 42°2 
3 20 ” 5000 52 123°8 
; 3 30 ” 4500 10 24°r 
3 37 $900 58 140° 
3 47 ” band 20 ° 
12 © |Blackheath. 5160 80 ree 
» ee 60 124°4 
” 38 55° 
” . 40 67'2 
” oe 20 32°2 
Dec. 2. Royal Ob- 
servatory. 160 30 5g°0 
” oe 10 19°8 
” . 40 81°9 
” . 20 40°2 
” oe # ) Fe) 15 3 
2» ee 3° 47°3 
” ee 20 31°83 
» oe Te) 15°5 
» 20 I° 
1865. ° 3 3 
Feb. 27. In Balloon.| 4900 40 89°9 
” 4800 38 87'7 
South Han- 
ningfield. 110 50 100°! 


” oe 5° 100°0 
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Hxtents anpD APPEARANCE OF THE CLOUDS. 
December 1, 1864. 


Before starting the sky was cloudy. 
At 3* 50™ p.m., at 3968 feet, the setting sun illuminated the topmost part 


of s dark stratus cloud with a very deep orange-colour; not a cloud in tho 
sky above altitude 15°, 


December 30, 1864. 


At 2" 15" p.m., at 602 feet. Misty all round. 

At 2° 19" 45* p.m., at 2355 feet. Approaching cloud. 

At 2" 21™ p.m., at ‘2532 feet. Entered cloud. 

At 2® 23" 30° p.m., at 2699 feet. Just out of cloud. 

At 2° 28™ p.m., at 2215 feet. Approaching cloud. 

At 2" 28™ 30° p.m., at 2552 feet. Just entering cloud. 

At 2 28" 45° p.m., at 2687 feet. Passed into cloud and lost sight of every- 


thing. 
At 2* 30™ p.m., at 3228 feet. Cloud dense and cold. 
At 2° 31™ p.m., at 3424 feet. The sky was of a beautiful prussian-blue 
olour, with a beautiful sea of cloud below of varied surface, bright and shining. 
At 2" 34™ 40° p.m., at 3550 feet. In a very dense cloud. 
At 2° 35™ 30° p.m., at 2570 feet. Out of cloud below. 


February 27, 1865. 


At 2* 3™ 30° p.m., at 3074 feet. In cloud. 

At 2° 4" p.m., at 3333 feet. In a white cloud. 

At 2 5" 30° p.m., at 3850 feet. We are in cloud: the clouds below are 
moving much more quickly than we are. 

At 2° 7" 30° p.m., at 4418 feet. The clouds below appear to be moving N. 

At 2° gs 30° p.m., at 4647 feet. The clouds below are moving at right 
angles to us. 

At 28 9™ 30° p.m., at 4737 feet. Clouds have avery fine purple tinge over 
& very beautiful even surface. 

At 28 27" 30° p.m., at 4840 feet. Clouds very high above us. 

At 2® 45™ p.m., at 3274 feet. Clouds on our level. 

At 3* 1™ 30° p.m., at 1075 feet. Upper clouds moving as before. 

At 3" 38™ 30° p.m., at 2659 feet. In haze. 

At 3" 39" p.m., at 2965 feet. In thicker haze. 

At 3° 40" p.m., at 3149 feet. In cloud. 

At 3° 41™ p.m., at 3149 feet. Still in cloud. 

At 3° 43™ p.m., at 3190 feet. Misty. 

At 3" 44™ 30° p.m., at 3440 feet. In cloud. 

At 3° 45™ p.m., at 3521 feet. In fog. , 

At 3° 46™ p.m., at 3415 feet. In cloud. 

At 3* 49" p.m., at 2650 feet. Out of cloud. 


Direction or tHE WIinp. 
December 1, 1864. 


On the ground the wind was from the W.N.W., light and variable. 


On the ground at 1°15" p.m., a pilot balloon first moved W., and after- 
wards N.W. 


188 REPORT— 1865. 


At 2 40™ p.m., at 1230 feet. 
At 2"°57™ p.m., at 5038 feet. 


At 3° 33™ p.m., at 4541 feet. 
reaching 1000 feet, moving N. 

At 3°56™ p.m., at 2830 feet. 
moved §, 


The balloon entered a S.W. current. 
The wind was W.N.W. 
Smoke near the earth moving 8., but after 


The wind was W.N.W. The smoke below 


February 27, 1865. 


On the ground before starting the wind was from the §. 

At 2°1™ 30° p.m., at 1543 feet. The wind was S.W. 

At 2" 7™ 30° p.m., at 4418 feet. The wind was W. 

At 2° 25™ p.m., at 4828 feet. Entered a more southerly current, about 


8.W. 
At 3" 32™ 30° p.m., at 2148 feet. Changed direction, moving W., I think. ' 


On THE PROPAGATION oF Sounp. 


December 1, 1864. 


At 3" 49™ p.m., at 4170 feet. 
At 3°58" p.m., at 2536 feet. 
At 4" 6™ p.m., at 1804 feet. 
At 4° 7™p.m., at 1759 fect. 


Heard voices. 

Heard a clock stricke 4" plainly. | 
Heard many voices. 
Can hear cries of “ come down.” 


February 27, 1865. 
At 2" 1™p.m., at 877 feet. Bells sound very clearly. 


GENERAL OBSERVATIONS. 


December 1, 1864, 


At 2 38™ 30° p.m., at 644 feet. A gun fired; felt the shock. | 
At 2® 39" 30° p.m., at 890 feet. Sun shining brightly. 


At 2" 42™ p.m., at 1831 feet. 


Report of proving guns at Woolwich; per- 


ceptible vibration ; every rope vibrating ; and every instrument shaking. 


At 2° 43™ p.m., at 2248 feet. 
At 2° 46™ p.m., at 3570 feet. 
At 2° 54™p.m., at 4630 feet. 
At 25 59™ p.m., at 5328 feet. 
stinctly visible. 
At 3" 9™ p.th., at 4128 feet. 
At 3" 15” p.m., at 4909 feet. 
ford. 
At 3° 17™ p.m., at 4951 feet. 
At 3° 33™ p.m., at 4541 feet. 
At 3° 34™ p.m., at 4805 feet. 
over Cobham Park. 
At 3° 46" p.m., at 3470 feet. 
At 3" 52™ p.m., at 374-4 feet. 
At 3° 53” p.m., at 3744 fect. 
At 3° 59™ p.m., at 2497 feet. 


Opened the valve ; nearly opposite Belvedere. 
Sun warm. 
Between Erith and Belvedere. 
Nearly opposite Erith; hills and dales di- 


Sand out. 
A little to the right, or nearly over Dart- 


Moving towards Cobham Park. 
South of Greenhithe. 
In a line with Northfleet ; we shall pass 


A chill to sense; sand thrown out. 
A sudden chill again. 

Sand thrown out. 

Sand again thrown ouc. 
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At 4* 1™ p.m., at 2691 feet. Saw a railway train. 
At 4* 2™ p.m., at 2847 feet. A great deal of moisture on the balloon. 
At 4" 3™ p.m., at 2744 feet. Nearly south of Gravesend. 
At 4" 8™ p.m., at 1644 feet. Cobham Park. 
At 4" 9™ p.m., at 1550 feet. Moist to sense. 
At 4° 13™ p.m., at 1381 feet. Moisture almost dropping from the balloon. 
At 4" 14™ p.m., at 1280 feet. Approaching the Medway. 
_At 4° 15™ p.m., at 1394 feet. Ascending to a higher current to cross the 
river. 
At 4" 17™ p.m., at 1532 feet. We can see Rochester Bridge and Castle. 
At 4" 33™ p.m. On the ground at Delce Farm near Rochester. 


December 30, 1864. 


At 2 16™ 30° p.m., at 1020 feet. Cold. 

At 2* 19™ 30* p.m., at 2310 feet. Dropped the grapnel. 

At 2" 23™ 30° p.m., at 2699 feet. Just over the wall of the river. 

At 2" 24™ p.m., at '2641 feet. At least 150 vessels in sight. 

At 2" 26™ p.m., at 2301 feet. Our course is taking each bight of the river. 

At 2" 27™ 15° p.m., at 2019 feet. Sand out. 

At 2 28™ p.m., at 2215 feet. Cold to sense. 

At 2° 29™ p.m., at 2822 feet. Very cold. 

At 2" 29™ 45° p.m., at 3128 feet. Much lighter; very cold. 

At 2® 32™ 15° p.m., at 3580 feet. Sun brighter. 

At 2®° 34™ p.m., at 3610 feet. Sun obscured in mist. 

At 2" 34" 40° p.m., at 3522 feet. In a very dense cloud. 

At 2* 36" p.m., at ‘2138 feet. Falling quickly, revolving in two minutes. 

At 2° 38™ p.m., at 837 feet. We are about a mile north of Purfleet. 

At 2° 41™ 30° p.m., at 1369 feet. Moving towards Sea Reach. 

At 2" 58™ 30° p.m., at 670 feet. Sand thrown out. 

At 3* 3" p.m., at 1116 feet. Moving direct for Sea Reach ; we must come 
down if we do not change our direction. 

At 3° 6™ p.m., at 186 feet. Packed up all the instruments, cleared the 
tops of some trees, and came down within a mile of the river, near the Rail- 
way Station at Stanford-le-Hope. 

At 3°10" p.m. On the ground. 


February 27, 1865. 


At 1°58" p.m. We left the earth. 
At 2* p.m., at 767 feet. Over the river. 
At 2 1 30° p.m., at 1085 feet. Sun obscured by cloud. 
At 2° 2 30° p.m., at 1851 feet. Moving towards Barking Creek. 
At 2° 3™ 30° p.m., at 3074 feet. Cold. 
At 2° 5" p.m., at 3632 feet. Faint gleams of light. 
At 2° 5™ 30° p.m., at 3851 feet. Over water. 
At 2" 6" 30° p.m., at 4040 fect. Sun shining faintly. 
‘ef 2" 9= 30° p.m., at 4737 feet. Over Barking level ; Tilbury line to our 
,or N, 
At 2° 11™ p.m., at 4737 feet. Sensibly warmer. 
At 2" 12" 30° p.m., at 4875 feet. Over Dagenham Marsh. 
At 2° 24™ p.m., at 4828 feet. Lowered grapnel. 
At 2° 25" p.m., at 4828 feet. Entered a more southerly current about 8S. W. 
At 2° 34™ p.m., at 4408 feet. Must come down. 
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left. 


Time of Barom 
observation. reduced 


Meteorological Observations made in connexion with the Balloon Ascent on 


At 2" 36™ p.m., at 4517 feet. Sun again bright. 

At 2" 37™ p.m., at 4580 feet. Moving along Sea Reach. 

At 25 41™ 30° p.m., at 4600 feet. Sun hot, 

At 2" 42™ p.m., at 4538 feet. Opened valve. 

At 3" 5" p.m., at 926 feet. Neck of balloon tied up. 

At 3° 29™ p.m., at 1375 feet. 12 miles from Chelmsford. 

At 3° 38" p.m., at 2560 feet. Water looks like polished steel. 

At 3" 38™ 30° p.m., at 2659 feet. Country brightened up by the sun. 
At 3" 39" p.m., at 2965 feet. We have only one bag of ballast. | 
At 3° 45™ 30° p.m., at 3652 feet. Opened valve; only one bag of ballast 


At 3* 59™ 30° p.m., at 70 feet. Just over some trees. 
At 4° 1™p.m. On the ground at South Hanningfield. 


December 1, 1864.—Royat Osservatory, GREENWICH. 


Reading of S| 
. —] 7 . 4 
Thermom. E é a ¢ Remarks 
_—_ S 
to 32°F.) Dry. | Wet. § 3 E E 


Noon. | 30°03] 46'5| 43°9| 40°9 o} 0 7 
© 15p.m.! 30°004] 46°7] 44°0| 40°9 o | o || Cloudless; slight hase in 
© 30 ,, | 30°001] 46°7/| 43°5] 40°5 o |] 0 and 8, 

© 45 + | 30°004) 47°1 | 44°2) 40°9 o; 0 | 

1 0 » | 30°00S) 47°3| 44°3/ 41°0 o; 0 . haze ind 

ras 5 | ooed ara] 3] Sr S| = | | ten: ee 

I 30 4, | 30°006] 47°3| 44°5| 41°4 ojo | 

I 45 5 | 30°00S5| 47°3| 44°3| 41°0 o | o |Cloudleas. Haze is gradusl 
clearing off, and a few li 
clouds are rising in the 

2 © y | 30°02] 47°3] 44°3 1 | o | Light cirrus in the N. 

2 1§ ,, | 30°00T] 46°83} 44°0 2{o Light high cirrus in N. 

.N.E. 

2 30 4, | 30°02] 46°3| 43°6 4 | © |) Light cirrus scattered abo 

245 4, | 30°002) 46°3| 43°5 4} 0 esky. — 

3 © 4 | 30°02! 46°0| 43°5 4 | © | Balloon rising in ESE. la 
to view at 38 8", apparent! 
falling. | 

3 20 4, | 30°OTS| 44°3/ 42°8 1 | © | Light cirrus in 8.W.; haa 

3.30 » | 30°O21] 44°31] 42°5 © | o | Cloudless, with the except 
of a little cirrostratus | 
8.W.; slight haze. ; 

3°45 wv | 307024) 44°O | 42°3 | occ. | coeeee | cones © | © | Cloudless, with the excepti 


of a little cirrostratus 
the horizon. 


Cloudless. 


ww 
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Meteorological Observations made in connexion with the Balloon Ascent on 


December 30, 1864.—RoyaL OssERvaTorY, GREENWICH. 


3S 

E Remarks. 
ai 

< 


Amount of 
cloud 0-10. 


o~ 
oO 
o0o0oo0oogoooo0og0o 0 


| Generally overcast; clouds 
broken. 

Very dense clouds in 8.; 
cirrus elsewhere generally. 


“i 
© 


February 27, 1865.—Royat Onsrrvatory, GReEnwicu. 


re 30°017| 48°6 | 43°4] 37°7| °226) 66 BW. ro 


° 
Wis, | 30°ong] 48°9 | 43°3| 37°2 | 222) 65 | se.w. | 10 | oO 
Lee i014 9°0 aa9 36:2] -ar4| 62 B. to | o |Light cirrocumulas and a little 
stratus in §S.W. horizon. 

Haze in N. 
"$y 30008] 487 | 43°0| 36°83] 218] 63 8.w. | 10 | © |Cirrus, and cirrocumulus in 
the zenith. Dense cirro- 


stratus and cumulostratus 
in horizon, gradually spread- 
| ing over the aky. 
7°, 29°997| 47°4| 42°2| 364| ‘215| 66 | a. byw. | 10 | o |Cirrus; clear sky in the zenith ; 


* 1S mw |39°9951 47°9 | 43° | 37°8| 227] 6 8.8.W. | 10 | © |Dense clouds almost entirel 
479 3 ’ cover thesky. Balloon first 
seen at 2°; and was visible 
for about 4”; seen due E., 
and a peared moving in a 
; | northor y direction. s 
732» '29°991] 47°4] 42°2| 36:4| -215} 66 s.w. | 10 | o |Sky generally covered with 
. ense clouds, excepting a 
. little clear in the zenith. 
23s, 28°988 47°! | 42°4| 37° | ‘221 68 6.8.W. Io °o ” ” ” 
$0, (29°98 46°38 42°4| 37°5| °225} 70 |8.W. by 8.|/ 30 ° ” ”” ” 
iS 29975 46°3| 42°1] 37°2| °222| 72 |s.w. bys.| 10 | o Generally overcast; clouds 


| broken slightly in the air. 
46°1 | 42°0} 37°3| °223! 72 | as.w. | 10 | o Clear aky and light cirrus in 
the zenith ; dense clouds in 


330 39987 | 
| the N. 


148 ww ‘29965 Generally overcast, with the 
exception of a little clear in 
the S.E. 

Uniformly covered with cirro- 
etratus 


45°9| 42°0| 37.5] °225] 73 B.W. 10 | o 


fo, 29°968) 45°6 | 41°6| 37°0| ‘220| 73 s.w. by w.| 10 | © 


192 REPORT—1865. 


Interim Report of the Committee on the Transmission of Sound under 
Water, consisting of the Rev. Dr. Rosrnson, Prof. WHEATSTONE, 
Dr. GuapstoneE, and Prof. HENNEssy. 


Wuen the Committee on Fog-signals stated at the Meeting of the British 
Association last year that no success had attended their efforts to induce the 
Board of Trade to undertake experiments on the subject, it was thought 
advisable to change the mode of procedure. The Parliamentary Committee 
was requested to press on the Government the expediency of instituting such 
experiments, while the Committee was reappointed for the purpose of making 


experiments on the transmission of sound under waer—a line of inquiry | 
suggested by us in our memorial to the President of the Board of Trade, | 
June 18, 1863. The sum of £30 was placed at our disposal, and to this the | 


Government-Grant Committec of the Royal Society have added £100. 

The subject of the production of sound under water, and its transmission 
through that medium, had previously engaged the attention of one of our 
number, Professor Wheatstone, and we naturally wished to be guided in otr 
first trials by his experience. A long and serious illness unfortunately 
delayed the commencement of that gentleman’s experiments; but the inves- 
tigation has been fairly begun this summer. The results hitherto arrived 
at are instructive and promising, but they are not sufficiently precise to 
warrant their publication. We have therefore only to report progress, and 
to ask the British Association to give us the opportunity of bringing our 
results before them next year. . 


On the Rainfall of the British Isles. By G. J. Symons, M.B.M.S. 


Ix my previous reports on the progress of rainfall-investigations I have 
scarcely referred to what had been done before I undertook the collection and 
organization to which I have now devoted nearly six years. 

I purpose to supply the omission on this present occasion, and to divide my 
Report into the following divisions :— " 

1. What had been done prior to 1860. 

2. What has been done since 1860. 

3. What remains to be done. 

4. A few particulars respecting the rainfall of the last fifty years, and 
the fall in 1864. 

1. What had been done prior to 1860.—Having been almost wholly en- 
gaged during the past year in clearing up arrears, and in thoroughly classifying 
the materials hitherto collected, the imperative necessity of circulating 
amongst engineers, meteorologists, and rainfall-observers a complete index of 
the collected observations has been brought prominently before me. I have 
therefore prepared such an index, and annexed it to this Report. Besides its 
general usefulness, it will be specially so in two respects. (1) Every station, 
whether discontinued or not, being entered, with the years between which 
observations have been obtained, and with observer's name, and height above 
sea-level, any one, whether engineer, agriculturist, or physicist, can ascer- 
tain with the greatest ease exactly what observations have hitherto been col- 
lected. In order to facilitate reference, the stations are arranged alphabetically 
in counties; and there are also provided general indexes of England and 
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Wales, Scotland, and Ireland. (2) Those who are willing to help on the 
pmpletion of the collection will see at once what I have, and what I have not; 
snd thereby they will be saved much needless copying and I much corre- 
spondence. 

A barren index, however, throws little light on the history of rainfall-in- 
vestigations. Before entering on this I desire to meet at the very outset an 
objection sometimes raised, viz., that we cannot trust very old observations, 
snd therefore 1 may be busy collecting useless materials. I maintain that 
we ean trust them, and have the pleasure of knowing that my friend Mr. 
Glaisher fully agrees with me on this point. I think them far more reliable 
than many modern ones; for in the 17th and early part of the 18th century, 
to measure the fall of rain was esteemed a serious undertaking, only to be 
accomplished by. first-class men. The repeated reference to the height of 
their gauges, their diameter, and the number of pounds and ounces troy cor- 
responding to an inch of rain over the area of the “tunnel” of their gauges, 
and the details frequently grven, combine to render it certain that they took 
every reasonable precaution to secure accuracy. The resuits they obtained, 
and which they would hardly credit, we of the 19th century know to be just 
what was due to the situation of the gauges. Another pojnt to be remem- 
bered is this :—it is not intended to use any old observations in determining the 
absolute mean fall at any place, or, in other words, in determining the geo- 
graphical distribation of rain; that will be done from recent ebservations with 
tested instruments. The old observations will only be used for determining 
the existence or otherwise of secular variation, and for thaz purpose an in- 
accurate gauge would do as well as a perfect one. 

The earliest observations I have yet obtained are those of Mr. Townley, of 
Townley in Laneashire, extending (with two intervals) from 4.p. 1677 to 
1705, or twenty-eight years. Mr. Townley believed his to be the firat made 
in England ; I do not feel sure that they were so. The only other observer in 
the 17th century whose observations have yet been obtained was:the Rev. W. 
Derham, of Upminster, near Romford in Essex, who began in March 1696, 
and has left a series of yearly totals (months also for some years) for nine- 
teen yeara .. ms 

The longest and most perfect record at present obtained was kept by 
Thomas Barker, Esq., of Lyndon in Rutland; it extends from 1736 to 1794, 
or fifty-nine years. It is doubtful if so long a record will ever again be kept 
by one person, with one gauge, and without interruption. - 

From Table I. it will readily be seen how sudden and great has been the 
increase of observers ‘during the last thirty years, and especially during the 
last five, in which one finds the results of the recent grants of this Associa- 
tion. From 1677 to 1800 the returns never number more than twenty-six 
per annum, and averaged only four; and in subsequent ten-yearly periods the 
numbers average, up to 1810, 15; to 1820, 21; to 1830, 40; to 1840, 103; 
to 1850, 178; to 1860, 366; and at the present time the returns number 
rather more than a thousand. It is right to mention that no records have yet 
been obtained for 1687 and 1688, 1694 to 1696, 1717 to 1721, 1724 and 
1725, since which time there is no year without one or more complete registers; 
that is to say, rain-records go back complete 140 years, and with intervals 
about fifty years more, or nearly 200 years altogether. 
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Tas I. 
Number of Records obtained for each year from 1677 to 1864. 
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The collection of these reeords has been spasmodhically attempted by several 
persons, Dr. Dalton being among the earliest and most successful: he, in the 
year 1799, sabmitted to the Manchester Literary and Philosophical Society 
by far the best paper on rainfall published until many years after. Still, 
owing probably to the absence of postal and other means of communication, 
his paper by no means included all that had been done up to the time of his 
writing it. 

The following list (Table IT.) of old stations prior to 1800, & not only 
handy as such, but also available as a check on the com of Dr. 
Dalton’s search, and of my own. The result appears to be that Doctor, 
who undoubtedly took great pains with his Table, and most truly described it 
as ‘‘the most complete hitherto published,” had not half of the records then 
existing, and which I and my friends have hunted up. On the other 
hand the Doctor has one station, “‘Crawshawbooth near Haslingden,” of 
which I can get no information. 


Tasrz I1.—Showing the Stations at which the ,Fall of Raim was measured 
previously to the year 1800. 


ENGLAND. 
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Taste II. ENGLAND (continued). 


Years in hand. 


ddlesex...... 

99 “ge ee (VFARG-CL., LONGOM [Li LI—DD 2... ccc cc cece 

td ee? 
orfolk ...,../Norwich ,.......|1749-62 ............ 
Northampton ..|Oundle........../1726-39 ...........- 
Northumberland |Widdrington ..../1722-23 ............ 
utland ...... Lyndon ,....... 1736-94 1... . cece 
mersetshire ..|Bridgewater .....{|1767-69 ....,....... 

» ..|Minehead ....,../1782........ 0c cee 
Westmoreland eee 

” ee«i 3g  #£$=#=#*€*# @e pa@et@eeelmiwe wwvr esceeseveoetsteeervtesd 
| 9 eee . 
Yorkshire ...... 

t 

| SCOTLAND. 

\Benffshire...... Gordon Castle ....{1799...... oc eeees vee 
Dumbarton ....{Kirkintillock ....(1788........0000. eee 
Dumfries ...... Dumfries ........ 1776-93 ......... eee 
! ..--{Langholm........ 1 6 YY re 
‘Edinburgh Dalkeith ........ 1773-77 ..... , 
—— Edinburgh ...... 1785-95 ...... ceeeee 

» ”. pecaee 1795-99 .......2205- 

” . 99 tee ee 1796-99 ..... ce seeee 
} ® RO 1731-35 oo. ese es see. 

» Hawkhill........ 1771-76 oo cece eee 
‘Elgin ........ Urquhart ........ 1795-97 .......0.4.. 
(Forfar .e-.-.--{/Dundee.......... 1790-95 ............ 

see e noes Glasgow ........j1765, 75, 85, 88, 95 ..| 5 

Peebles. ....... Peebles.......... 1766-79 ......eceeee 14 

Perth ........ Belmont Castle... .|1789-95 ............ 7 

‘Roxburgh ....jBranxholm ...... 1773-83 2.0... cee eee 11 

irk ........ Wool .......... 1773—76, 80.......... 5 
IRELAND. 

jAntrim........ Hfast .........- 1796-99 ...,....006- 4 

Woblin .... 2... Dublin .......... 1791-99 ..... paseees 9 

jlondonderry ..\Londonderry ....|1797-99 ..........+- 3 

Loogford .... .. Edgworthston ....|1798.......s.00eeees 1 


After Dr. Dalton’s collection in 1799 there was a long interval in which, 
though observations were steadily continued, no one seems to have thought of 
collecting and discussing them. Dr. Dalton’s averages were (and, 1 am sorry 
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to say, are still sometimes) constantly quoted, and no notice was taken 
subsequent observations. This is the more to be regretted since some of tt 
gauges quoted by Dr. Dalton were on roofs, others on the ground, and no di 
tinction was made between them. 

I am not at present aware of any extensive collection between 1799 an 
1840, or thereabouts, when Mr. Joseph Atkinson, of Harraby near Carlisi: 
published a rain-map of the British Isles: to my great vexation I cannot ob 
tain a copy; and there is not one in the British Museum. It only gives th 
mean fall, and contains only two or three places besides those I possees; bu 
it is provoking that a copy of so recent a publication (1841 or 1842) cannv 
be obtained. During the last ten or twenty years several collections hav 
been made, those of Mr. Glaisher for the British, and Dr. Stark for the Scot. 
tish, Meteorological Society having been published, with other meteorologica 
details, quarterly by the Registrars-General of the respective countries. The 
prize offered by -the -Marquis of Tweeddale for an essay on rainfall, and 
awarded to Mr. Jamieson, of Ellon, led to the collection of the yearly fall at about 
twenty British stations, and the collection in Mr. Beardmore’s splendid ‘ Ma- 
nual of Hydrology’ completes the list of my precursors. The two last have 
been published since 1860, but it seems appropriate to notice them here: 
the most copious of these Tables, however, did not contain a tenth of the ex- 
istent observations. 

It is a singular fact, that, with the exception of the last two works, no notice 
has ever been taken of the position of the gauges, on which so much depends 
that a West-country roof record will often be lees than an Eastern-counties 
ground-record ; that is to say, the difference due to elevation is often greater 
by far than that due to a hundred miles geographical distance. Paramount: 
as is the importance of distinct information on this point, it is. never referred 
to in any of the old or-many modern Tables. ; 

This omission naturally leads me to refer to the variation in the amount 
collected according to the height at which the gauge is placed above the sur- 
face of the ground. This was first noticed in 1765 ; andin 1766 Dr. Heberden, 
F.R.8., placed a gauge on the square tower of Westminster Abbey, another on 
the roof of an adjacent house, and a third in a garden, and found the fall to be, 
—garden, 22°61; roof, 18-14; abbey-tower, 12°10. These experiments were 
promptly repeated at “ Bath, Liverpool, Middlewich, and elsewhere ;” but I 
have not been able to find any notice beyond the simple fact that “the results 
were similar to those at Westminster.” (This shows how much is either still 
buried, or lost altogether.) Shortly after this, the Hon. Daines Barrington 
erected two gauges in the vicinity of Bala, in North Wales—one at Rennig, | 
and one on the summit of Bochyraidr (1700 feet ?}—and ascertained therefrom 
that the decrease did not depend on actual elevation, bat on the height 
above the surface of the ground. This subject, I need hardly remind mem- 
bers of this Association, was carefully investigated by our esteemed President, 
Professor Phillips, when living at York in 1832; in fact it was one of the 
firat subjects this Association took in hand. 

The heavy fall of rain in mountainous districts was noticed at a very 
early period; but very little was done, until a comparatively recent date, 
towards systematic observation and the determination of the laws governing 
the distribution of rain in mountainous districts. Mr. Bateman’s observa- 
tions in the Derbyshire and Yorkshire hills, followed as they were by the 
élaborate investigations carried on by the late Dr. Miller in the Lake-dis- 
trict, have left for future examination only the subsidiary and minor vari- — 
ations to which the laws they deduced are liable. 
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2. What has been done since 1860.— Having thus described what had been 
done previously to 1860, I proceed to mention briefly what has been done 
since then ; and if it seems that this portion is egotistical, I reply I cannot 
help it: it would be strange indeed if the one person who has devoted him- 
self solely to the subject were not mixed up with most of its ramifications. 

In the first place, then, it has already been stated that prior to 1860 
there had been no general collection of all reliable rainfall-records; this 
was the primary object I had in view, knowing that without such a col- 
lection it was impossible to determine, with any approach to accuracy, 
either the geographical distribution or secular variation of British rainfall. 
To what an enormous magnitude this collection has grown may be inferred 
from the Tables attached to this Report; but as a ready means of enabling 
engineers and others to estimate the stores awaiting them, I may say that, 
supposing the lists closed at once, I believe the publication of the monthly 
values and discussion of the observations would fill two of the bulky annual 
volumes of this Association. Of course bulk is a poor test of value; but I 
wished to give some better description than that of “twenty-three folio 
volumes of MS.,” which are already full. I should not omit to state whence 
these observations have been copied. Most of them have been obtained from 
the observers, many of whom have sent me registers of ten, twenty, thirty, 
and even more years in length; some are from privately printed papers, 

others from magazines, scientific journals, and Transactions of the Royal and 
other Societies. Particulars as to the position of the gauge are always care- 
fully noted along with the observations, when they can be obtained. I had 
not been at this work very long before I felt the desirability of publishing 
some information of a reliable character, and at the close of 1860 I published 
a Table giving the total depth in that year at 168 stations, being more than 
double the number ever previously collected; this Table has grown into an 
annual volume, both by giving additional information on the undermentioned 
and other subsidiary investigations, and by its increased body of contnbutors, 
now numbering over 1000. 

Next to compiling the general Tables and annual reports, the most trouble- 
some, but probably also the most important, work is the examination of the 
gauges actually in use, both as to their own accuracy and also as to the suita- 
bility of their position. I need not point out how necessary this is; it must 
be evident to everybody that until it is done there will be liability to all sorts 
of errors in deducing results from observations with gauges either themselves 
incorrect, or badly placed. I do not wish to be discursive ; or I could quote 
many positions in which I have found gauges, nothing less than absurd. (Very 
gross errors are now impossible, owing to the number of new tested gauges 
interspersed among the old ones and available as checks upon them.) This 
examination of the gauges in situ involves an amount of travelling which takes 
far too much time and too much money for me to make any very great progress 
with it. However, I have visited 113; and if this Association will find the 
needful funds, I will endeavour to double the number before I draw up the 
next annual Report. 

Next to personally visiting each gauge, the best plan is to test the gauges 
before the opticians send them off to their destinations. Of the exact number 
thus tested I have no record, but believe it to be about 800, a number easily 
mentioned, but by no means so easily examined. 

At the ontset of the investigation an attempt was made to collect returns 
of the number of rainy days or days of rain; but it was speedily found that 
utter want of uniformity prevailed, and that it was useless to attempt to do 
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anything with them. After consulting the obeervers, each of whom was 


asked to send in his or her definition of a rainy day, the plan I recommended 
was to count as a day of rain every one on which 0°01 inch fell. How this 


‘will work remains to be seen ; but it is certainly a step in the right direction— . 


that is to say, towards uniformity. 

Another point noticed at an early period was the unequal geographical 
distribution of the stations, some parts of the country being amply provided, 
‘while in others the gauges were fifty or sixty miles apart. Thanks to the 
£55 granted by this Association, this state of things no longer exists ; how it 


has been removed may be learnt from my previous Reports, or from the — 


accompanying Map. Of course there are still great inequalities, but they are 
as nothing compared with what existed in 1859. 

It remains to notice the series of experimental gauges which have been 
recently started to settle various disputed points. Reference has already been 
made to the decreased amount of rain caught in gauges placed on high build- 
ings, and to the experiments of Dr. Heberden and Professor Phillips on the 
subject. On finding that (owing to the previous abeence of any rainfall 
centre, if I may eo term myself) the gauges throughout the kingdom were 
at all sorts of elevations, from 90 feet downwards, it was evident that 
‘some means must be devised for correcting these observations and redu- 
-cing them to what they would be if made at one uniform level. Many of 
the gauges being elevated on pillars or pedestals, it was urged, and with 
apparent reason, that as all previous elevation experiments had been made 
upon, and in the vicinity of, buildings, the laws of decrease deduced there- 
from were not, or at any rate might not, be applicable to gauges mounted 
as above described. In order to test this point, Colonel Ward, of Calne, 
kindly undertook the cost and trouble of mounting a set of gauges on part 
of his lawn, a description of which I read to this Section at the Newcastle 
Meeting ; they are now eleven in number, and at heights varying from level 
with the ground to 20 feet above it. In order to check the applicability of 
the Calne results to other localities, a similar but less oxtensive set of gauges 
has been established near Manchester by the Rev. J. Chadwick Bates. 

It was rather singular that, although, as before stated, rainfall has been 
measured in this country nearly two hundred years, there had been prior to 
1860 no published experiments on a comprehensive scale to determine the 
best size and form of gauge. It would be inappropriate here to enlarge to 
any extent upon the various theories put forth upon the subject; and I will 
only remark that the gauges principally issued by the Scottish Meteorv- 
logical Society are but 2 or 3 inches in diameter, while a high Scottish 
authority “has no faith” in anything less than a foot in diameter. Mr. 
Glaisher’s gauges, everybody knows, are 8 inches in diameter, Luke How- 
ard’s 5 inches, and the Royal Engineers’ are 1 foot square. An exhaustive 
set of experiments have therefore been undertaken on this point also, by 
Col. Ward and Mr. Bates, the gauges varying from 1 inch to 2 feet in dia- 
meter—square gauges, turf-gauges, snow-gauges, &c., being also tried. Col. 
Ward has altogether 29 gauges at work; and Mr. Bates has, I believe, 13, 
beside the thermo-rain-gauge mentioned below. 

Reference was made in the earlier part of this Report to the peculiarly 
heavy rainfall in mountainous districts, which had been carefully obeerved in 
Cumberland during the years 1844 to 1853. It was felt that it would be 
very interesting to ascertain if similar physical configuration received similar 
fall in other parts of the country, and that the district round Snowdon 
appeared very suitable for the experiments. Favoured by the assistance of my 
friend Mr. Rogers Field, of Hampetead, and that of Captain Mathew, of Wern, 
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Carnarvon (who really did most of the work), we now have returns from more 
than thirty tested gauges in that district, at elevations varying from 15 feet 
to 1100 feet. Simultaneously with the establishment of these, the Cumber- 
land gauges have been reestablished by Mr. Isaac Fletcher, F.R.S. ; so that we 
now have for the first time full records from both districts. At present 
the Welsh records are far below the Cumberland ones; whether this is due to 
the fact that the wet places in Snowdonia have yet to be found, or whether 
the deficiency is due to the Cumberland gauges lying near the track of the 
centres of British cyclones, or to some other cause, has yet to be determined.: 

3. What remains to be done.—On this point it is not so easy to speak 
clearly and decisively as on the preceding ones, because every one knows’ 
that just as an investigation progresses so do new branches claim attention.: 
Some of the leading items may, however, be easily specified. In the first. 
place, the collection of old observations must be rendered as complete as 
possible, by diligent search at the British Museum, in the libraries of the 
various scientific societies, and elsewhere. As an illustration of the meaning 
of that simple word “ elsewhere,” I may mention that on the day I was 
writing this Report I received a note from the Secretary to the Board of 
Northern Lights, respecting the rain-records kept at their lighthouses, with 
eopies of the current returns of which I have been favoured during the past 
three years. From this note I find that the returns have been kept ever 
since 1813, but that they have never been tabulated or discussed. As far as. 
I can at present tell, there seems to be about fifty years’ records of twenty- 
five stations (== 1250 yearly records) to copy out. This I have ordered to be 
done; but of course the expense will fall upon me. This however, is, only 
quoted as a specimen of the work to be done in collecting. After it, will 
eome the discussion, which will also occupy a considerable time. The current 
returns for each year have of course to be examined and prepared for publi- 
cation at its close (this takes two persons six weeks). About 900 gauges 
remain to be visited ; and this involves perhaps 10,000 miles’ travelling, much 
of which must be on foot, and all of which involves a heavy expenditure of 
time and money. I need not dwell on the testing of new gauges, since the 
time so occupied is comparatively trivial. A more serious item will be the. 
analysis and discussion of the experimental-gauge records of Col. Ward and 
Mr. Bates, and the mountain gauges of Mr. Fletcher and Capt. Mathew. I 
have been already much helped by volunteer labour; perhaps some careful 
person, who does not mind voluminous work, will relieve me of one or other 
of these discussions. 

In drawing this section of my report to a close, I may just mention a few 
other matters I have in. hand:—The construction of a cheap and accurate 
gauge for ordinary use: the one here shown is the last improvement and 
moet compact I have seen ; and the maker, Mr. Apps, of 433, Strand, under- 
takes to supply them at 10s. 6d. each; so I hope no one will say they use 4 
home-made gauge because the opticians charge so much. Mr. Apps is also’ 
making a self-recording gauge, to show the exact duration and intensity of 
each shower. The Rev. J. Chadwick Bates has at Castleton Moor started a’ 
thermo-rain-gauge for ascertaining the temperature of falling rain, on which ' 
the variation according to elevation is supposed to depend. Then I have on 
hand some experiments suggested by Mr. Smith, of Jersey, for measuring, by 
mitrate of silver, the percentage of sea spray mingled with rain-water at 
West-country stations. 

I close this programme of work to be done, trusting that I have shown 
that far more remains to be done than I have yet accomplished, and that, if 
I am only efficiently supported, important points may be cleared up. Into 
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financial matters I believe I must not enter; but there can be no harm in 
stating that by what has been done I have lost over £300, and a lucrative 
post ; and inasmuch as it is impossible for me to continue under such con- 
ditions, the ‘‘ work to be done ” will not become “ work done”’ unless I am 
protected from further loss. The Royal Society have recently granted £50 
towards the general expenses of the investigations; the observers naturally 
think that by observing they do their share, at the same time they have 
subscribed about £150 ; but the total of £200 by no means meets the outlay 
of so extensive a work as mine. " 

4, A few particulars respecting the rainfall of the last fifty years, and the 
fall in 1864.—And first with reference to the fall during the past half 
century, to an examination of which I gave some little attention during 
the last spring. The accompanying diagram* best explains the result of this 


Rainfall 1815 to 1864—Mean of Ten Stations. 
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century, we may hope to discuss the records of two centuries. 

So much interest is now taken, both in and out of Parliament, in questions 
of drainage, water-supply, and the condition of our rivers, and I am s0 con- 
stantly urged to give some information on the point, that I rather feel as if 
I was acting the part of the dog in the manger, in gathering volume after 
volume of rainfall-observations and yet deducing no results. My objection 
has been, that though much has been collected, as much (or more) remains | 
to be done, and I have a great horror of incomplete work; but not having 
hitherto had the least assistance, and seeing no prospect of getting any except 

* It is almost superfluous to state that the total fall in each year is shown by the top of | 


*he column, whether black or shaded, the difference being only made to show prominent! 
e yeara abore and below the dotted average line. wise i 
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by paying clerks’ salaries out of my own pocket, it will be some years before 
the inquiry can be completed. Under these circumstances, it seemed un- 
reasonable to persist in my refusal of an interim investigation, and I have 
therefore drawn up the following statement. 

My object has been to determine (1) whether the decreased annual fall of 
rain which has been observed at Greenwich is a local variation, or whether 
it prevails generally throughout the country; (2) (having ascertained that 
the present, temporary investigation shows it to be general) to ascertain in 
what districts the decrease is most marked. 

Unfortunately there are very few continuous records extending back 
more than about thirty years. A few, however, are available and, having 
carefully interpolated for one or two missing years, I have been able to form 
the following Table from the mean of ten widely separated stations—one in 
each of the following counties: Devon, Kent, Middlesex, Surrey, Essex, 
Lincoln, Lancashire, York, Edinburgh, and Argyll. 

It may be well to add that on carrying the examination back to 1800, the 
fall seems to have been Jess than it was about 1815, when the following more 
reliable Table commences. 


Mean depth of Rain at ten stations, 1815-1864. 


oes eee | | eee owe 


28'512 || Mean | 28-280 | Mean | 28607 | Mean 26°601 


Several curious results may be noticed in this Table: for instance, in the 
first ten years, seven were above the average of fifty years; in the next ten, 
six; in the next, five ; in the next, four; in the last, three. Again, out of the 
first twenty-five years, sixteen were above the average; and in the next, six- 
teen were below it. 

' Means from the above values. 


Five-year Means. | Ten-year Means. 
Years. Mean. | Difference. Years. Mean. | Difference. 


1815-1819 29:38 +118 1815-1824 29:00 + 80 
1820-1824 28-62 + °42 1825—1834 28°51 + ‘31 
1825-1829 28°32 + 12 1835-1844 28 28 + 08 
1830-1834 28°71 + ‘61 1845-1854 28°61 + 4] 


1835-1839 28-99 + 79 1855-1864 26-60 — 1°60 
1840-1844 27-57 — 68 
1845-1849 29°55 +1-35 1820-1829 28:46 + -26 
1850-1854 27-67 — ‘63 1830-1839 28-85 + 65 
1855-1859 25-26 —2-04 1840-1849 28°56 + :36 
1860-1864 27°95 — ‘25 1850-1859 26°47 —1-73 
Mean of 25 years, 1815-1839 = 28-80, 
18 10-1864 = 27-60, 


9 ¥ 


» ©6—80 0g ~=—«:1815-1864 = 28-20, 
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From these Tables we find that when, as in this case, local irregularities ar 

neutralized by the combination of observations from a large tract of country 
rainfall-records evince a regularity not before expected, the main and marke 
feature being the drought in the years 1854 to 1858 ; omet these five year: 
and the records run in five-year means without a single departure of an inc! 
from the average. But it will not do thus to omit them; they were excep 
tional, but are part and parcel of the whole, and must by no means be sepa 
rated, but the whole carefully examined. For several reasons it seems bette 
to take the ten-year means; and from them we find that the annual fall i 
each ten years from 1815 to 1854 was nearly equal, and always greater tha: 
in the last ten years, 1855 to 1864, and, moreover, that the ten years 184 
to 1854 had a rainfall (28-61) nearly identical with the mean (28°60) of thi 
preceding thirty years, 1815 to 1844. Hence it is evident that at any 
stations where observations have been made continuously from 1845 to 1864 
we may take the ten years 1845 to 1854 as representing the forty years, 
1815 to 1854, and the difference between the first and lest ten years 2: 
representing approximately the decrease of rainfall at that place. 
. The results of this investigation are condensed in a Table, and laid 
down on a map* (not printed), which shows the percentage by which the 
rainfall in the last ten years fell short of the mean of the previous ten (= 40) 
years, the numbers being enclosed by a ring in those few cases where the fall 
in the last ten exceeded the previous ten. It will, I trust, be evident to all, 
that though there are some stations which yield discordant reeults, yet the 
general harmony is quite equal to what could be expected of a preliminary 
investigation. Still the results are only those of a partial examination of the 
question, and of course may be proved fallacious by observations subse- 
quently received. The leading features at present seem to be (1) a decrease 
averaging 4 per cent. over the whole British Isles, but unequally distributed, 
the decrease being exchanged for an increase in parts of Ireland and the 
south of Seotland. (2) In England, although the amount of decrease varies. 
up to 18 per cent., it never falls below an excess (if the expression may be 
allowed) of 2 per cent. (3) Although at first the figures seemed very dis- 
cordant, yet on drawing the lines shown on the map referred to, some order 
seems to become evident, viz. that the maximum deficiency has existed along a 
line running nearly 8. W.-N.E. from Cornwall to the Wash. Proceeding north- 
westward, the deficiency becomes less, until the parallel line running through 
the centre of Ireland, and passing into the North Sea at Edinburgh, marks 5 
district in which no deficiency has existed, but, on the contrary, an excess of 
nearly 10 per cent. The next districts follow nearer to each other, and secm 
to involve the eventual adoption of W.—E. instead of S.W.-N.E.; possibly this 
is not really the case, but due to errors of observation at the lighthouses, 
whence most of the values herein assigned for Scotland are derived; or it. 
may arise from the modifying influence of Ireland not being felt in those 
higher latitudes. I might further point out that the deficiency seems in 
some degree connected with the large drainage operations in the midland and 
eastern counties of England; but until, either by my own efforts, or the 
assistance of this Association, the observations are rendered more complete, 
it is not safe to attempt to determine the causes of the recent fluctuations. 

The next point (and one on which I reserve full particulars for the next 
Report, so that 1864 and 1865 may be considered together) is the rainfall of 
1864, which, as everybody knows, was far below the average in most parts of 
England ; and in the eastern counties scarcely half the usual quantity of ran 


© The map can be seen at Mr. Symons’s residence, 186 Camden Road, N.W. 
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fell; in Cornwall also, and in Devon, where ordinarily water in abundance 
runs to waste, great inconvenience and loss arose from its deficiency. The- 
most singular case was that of the Pentland Hills and the south-east of Scot- 
Isnd generally, where the drought was equally severe, but in less than a. 
week the rivers rose from almost the lowest point previously known, to a 
higher level than had been known for eighteen years. The Edinburgh 
Water-works reservoirs had been so empty that the city was put on short 
supply; the floods of October 22-24 came and almost filled them ; the rivers 
rose, and carried away farm-produce, buildings and bridges; and the rain- 
returns for that district eventually show a yearly total nearly as much above | 
the average as our English returns are below it. 


Explanation of Arrangement and Symbols used in the following List. 

The stations are classed primarily into countries, secondarily into counties 
(which are in alphabetical order) ; and in each county the stations are ar- 
ranged alphabetically under their own name, if a well-known one, as “ Want- 
age ;” if the place is not one generally known, they are placed under that 
of the neareet well-known name: for example, “Tiverton (Hayne),” Hayne 
bemg the absolute place of observation, and being near to Tiverton. When 
a station is on the edge of a county, and the most prominent adjacent town 
isin the next county, the station is classed under its own name, and that of 
the town is in brackets: thus, ‘“Stotfold [Baldock].” The column headed 
“ Elevation ” states the height of the gauge above mean sea-level. An 
asterisk (*) prefixed to a station shows that the gauge was tested b 
Mr.Symons before it was used; a dagger(t), that it has been visited, tested, 
and its position examined. The letters B.A. indicate its having been 
supplied out of the grants made by the British Association. The column 
headed ‘“‘ Observer” is added principally as a means of identifying the returns 
when there are two or more in the same place. The column headed 
“Period” states the years of which the monthly fall has been collected; the 
letters C and T denote respectively the commencement and termination of 
the register; in all other cases there may be, or are, additional years con- 
stantly accruing. A bar between the date thus, 1846-52, shows that every 
year from 1846 to 1852 is in hand; a bar at the end thus, 1851-, shows 
that every year from 1851 to the present is in hand, and that the register is 
still kept up. When no date is given, no observations have been obtained. 
When a date is given in parenthesis (1840-8), it indicates the date during 
which I believe it to have been at work. 


ENGLAND. 


BeEprorpsHiReE. 


wo] O 1865~ 

ick ...... O 1865- 

vesoccoes| O ¥851=— 

secees 1831, 1833-38 
C 1846— 


Ow OesOnGesosteueHtees 


Reading (Aldworth) ......... g00? ; Rev. C 1838—41,1843-48T 
+» (Mortimer Lodge) eee vosees (1332-9). 
Sendhurst .................-..000- 246 or Collins “fea c teen Imp. 
Wallingford (The Castle 375 | Jd. K. . I 
” (Mouleford) ao Mr. J. B. i C 1861-63 T 
” (Streatley) ...... 100 | Rev. J. Slatter ...... C 1362. 
« | Wantage ..................0.0..- ... | E.C. Davey, Esq. | C 1865- 
Windsor (CumberlandLodge); 200 | Major-Gen. Hood | C 1862- 
» (Parkside) .........-.. |... | W. Menzies, Esq....|  1362~ 
BucKINGuAMsuIRE. 
Avleebary: (Latimer) ......... wee roll ken wcenceces r848-so a4: 
ylesbury ...............scccceee- ove . + sesnecees 1838-39, 1 
» _ (County Asylum) --. | Dr. Miller. 
Fenny Stratford (Linalade _ Mr. J. Osborne 
ell House ............... 250 | Dr. Lee............... 1860-62 
» Rectory ............ 290 | Rev. C. Lowndes 1860-63 
High Wycombe ............... .- | Jd. G. Tatem, Eag....; 1829, 33, 1836-40 
99s heen ee ew seveeeenns _ 8. L. Kent, .-.| © 1823-37,1839-43 
Newport Pagnel ............... --. | B. Littleboy, .| © 1864- 
Slough ( ont) ............ ee (1860) 
Wendover _............2ccsecee .-. | Rev. T. Skeen ...... 1833-39, 194 
CamBRIDGESHIRE. 
Pigotts ............... 130 | G Eagq. ...... C 1863- 
Cambridge ( h House) .. 46 | J. Natter, Eag....... C 1862- 
t 9 Christ College) . J. Hays. 
t ” Observatory) ... 88 | Prof. Adams ....... 1860-63 imp. 
#* 09 » mew gauge) 83 9 hee C 1864- 
Deeping Fen................0.00 
ul O...csccvccscscscsvacees Rev. J.H. Usill ...} C 1961- 
Outwell Sluice .................. 16?) R. Lunn, Eag. ...... 1852-56, 1858— 
Ely ( J). oseccsccceccccece Mr. Stanley ......... 1864- 
Swaffham Bulbeck ............ Rev. L. Jenyns 1842—3,1845, 1849 
Wisbech (North Brink) ...... sz | A. Peckover, Eag....| C 1859- 
” Observatory) ...... 8 | 8. L. Miller, Eag....| C 1861-— 
” n 8 ft.) 18 » | C 1863— 
9 ft.)| 45 ; ea.| C 1862— 
» St. Mary’s) ......... 10 | H. J. Little, Kag....| C 1863 
CHESHIRE. 
Altringham (Bowden)......... ... | A. Nield, Esq. ...... 
Birkouhend vodeias) teense . =| W. Arrnistoed, Eeq.|. 1838 
Frodsham ( ngsley) eeeeceees 193 | Rev. R. Tyas ...... C 1861- 
Handford (Quarry ) | 295 | I. , Kaq....| C 1860- 
Hyde .....-esesee. steeeesterees vee Mr. Ashton ......... 1831-40. 
% uf n Mills) ...... 350 | H. H. Clayton, Esq.) C 1863- 
Knuteford (Alderley) eeeeeeees ase Rev. E. Stanley...... 1835-24. 
baecenevcccncsccraces 539 | M.S.& LR. ......) CO r855- 
9 Ger Green)... 500 | W. Jeflerey, Keq .| O 1850— 
9 t llington)...... 1279 | M.S.& LR. ...... 1850—- 
” Bosley Minns) | 1210 ” 18 50— 


1 M.8.&L. R. denotes Feugee kept for the Canal Department of the Manchester, Shef- 
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Station. tion. Obeerver. Period. 
Macclesfield(BosleyReservoir)| sg0 | M.S.&L. B.......... 1850-52, 1855- 
Marple (Aqueduct) ............ 421 ” ence 1851- 

” (Top Lock) ...... 543 | wees 1840, 1844-7, 59- 

*" »» Soc, . |Manchester Memoirs 1844-47 
Mottram Geter eield) eeeee 680 |M.S.& LR. ...... C 1860-— ; 

” M s 3 - 1851-5 imp., 1857 
Nantwich (Wrenbury)......... 399 Mr. .. 
ewton peocessee weeensaees COSvagese 396 M. 8. & L. R. eeseee 18s1- 
Northwich  ...cesccccssesssesecs 42 | B.L. Williams, Esq.) O 1863- 
Parkgate Willaston) waveccees oes — Waring, .| C 1861— 
rn (Weston Point) .. 15 | E. L. Williams, Esq.) C 1863- 
Staleybridge (Arnfield) .......) 575 | J. F. Bateman, Haq: 1855— 

” toa Vale) ...} 320 |  ———aaeaee 1844. 

” Godley) ...... soo | J. F. Bateman. 1854~ 
Tarporley (Alpraham Green).|  ... A. Winkfield, Keq. .| C 1864-~ 
Thelwall | Warrington] ...... 96 | J. Atkinson, Esq....) 1861-63 T 
Whaley ............ccsssssscsceees 602 | M.S.&L. R. ...... 1850— 
Woodhead ! .......c0c.0.sseceaee 680 | J. F. Bateman, Esq.) 1855- 

» (Brinks Edge). .| 1500 | ManchesterMemoirs} 13847 

» Brushes)... 480 i” ” 1845-51 

” Butterley Moss) 1750 - ” 1846—48, 1850-52 

” Crowden Hall).| 700 » ” 1846~51 

» (Rakes Moss) ...; 1620 ” ” 1846-47 

. (Windyate Edge)| 1700 "9 ” 1845-51 

CoRNWALL. 
Bodmin..........ccccocecscccssoes 325 | Capt. Liddell, R.N. 1850— 

” (65 ft.)... 390 ” » C 1865- 

” (Pencarrow) wesees 230 | Mr. Jones.......... oo} ©3841, 42, 45, 60- 

” (Warleggan) ...... 800 | Rev. D. Clements...; 1860— 
Callington (Pent). oes Rep.R.Corn.Pol.8.| 1842-43 

nr ee TTT eee .. | A. Coryton, Esq. . 
Camelford........0csssssserscees 580 | Miss Pearse ......... 1862~ 

» _ (Tanteglos)......... 460 | Rev. J. Wilkinson .| = 1863- 

Falmouth ...........sccsceseeeee 120 L. nire, Eeq. alc C i ad T 

” ood Lane)...... - arvey, 

H (Wood eeseee ) sooeee] o2dS | M. P. Top. Ea Esq. .| C 1843- 
Launceston (Altarnum) .. 570 | C.U. Tripp, Hog © 1864— 

m (Landue)...... tee ... | Gardeners ronicle} - 1850-53 
eeecarserse Ce ereceevee ° coe | ee 1855 imp. 
eecccescccncceccesees a re 8. Jenkin, Esq....... 31864- 

(Boconnoc) .......0. - seveee 1855 imp. 
Padstow (8. Petroc Minor)...| 96 | Rev. Sir H. Moles- 1855-61 T 
worth, Bart. 
»  (S. Minver)............ an ree (1859) 
POmzANOd ....0eessecersccceces 50?| Mr. Giddy ......... 1821-28 

» oseceeecsvevacccecocnses 94 | W.H. Richards,Eaq.) C 3859- 

. SCOccsccese Orecsevccsess . f  —  eeeeece P| 33 

. oceees ceeercoecsccees ess Mr Henwood a noes 1n5557 

» (Ladgvan) ......... - v. W. Bor - 1762, 1767-71 
Port Isaac (Roscarrock) ...... 210 | M. Gay, Haq. eoeee 185 
Redruth (Tehidy).........0..+6 roo | Mr saeve 1859- 

Bt Agnes ......ccscsscssceseosees 300 Dr. Barham ......... C 1863- 
St. Austell (Trevarna)......... W. Coode, Keg. ...| O 1865- 
St. Columb (New Quay)... aeeeee “$0?| Dr. Barham ......... 1845-53, 1855 

o9 ) re LL ese fF =  @8#000 | 55 

. go | Mr. Tregidgo ...... 1862 


1 See also Derbyshire. 
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Ro Jt Brooske) 2 56 


" (Treharrock Ho.)| 303 


REPORT—1865. 
Oorxwat (continued). 
Station. f= Observer. Period. 
St. Germans (Port Eliot) . eee Mr. ch. 
» Tideford) ...... 50 | Rev. T. Hullah......; C 1861-64 T 
Bailly ( ) ere 30 | J. G. Moyle, Kag.... O 1855-62. 
1S ee ere cee eseeas es rrr 1841-43 imp. 
. “ (Kilkhampton) . Rev. A. Th O 186 
” 1 n 475 . ynne ...; O 1864~ 
Truro (Alverton) upto woeeees § | ceases 1852-53 
»» (Penarth) ............... 190 | N. Whitley, Beg. o-.| C 1857— 
yal Dr. Barham .....»... C 1838— 


Rev. Sir H. Moles. 1837-50 
worth, Bart. 
F. 8. Hambly, Eaq.| O 1853~ 


CUMBERLAND. 
South Mountain Districts !. / 
Brant Rigg ..........ssseesesees 695 | I. Fletcher, Esg. ...| C 1864- 

19 tect eeencenceececeves 924 | Dr. Miller............ 1846-53 T 
Crummock Lake ............+.. 260 59 teed se eens 1845-53 T 
Ennerdale Lake ....... eccecnes 246 - sesseecccccs 1845-46. 
Eskdale Foot Sesaecateeeese @seee 90 SPSSCSOCsALeED 184 49- 

99 BURR ccc ccetevce ertevene 99 (AO POH ee0e 1847-53 T 
Hak House .......cecssceeesee «| 2550 | L Fletcher, Eeq. ...| C 1865- 

wecvecscsceceaseveces 326 | Dr. Miller............ 1845-53 T 
Gillerthwaite  .......sscccsesees 396? tater eee wees 1846-53 T 
Great End ......ccsccssessceees ooo | I. Fletcher, Esq. ...| C 1865- 
Great Gable ....00...sessseseeves 2925 | Dr. Miller............ 1846-53 T 
Langdale Head........ oseevasess 250 i sovccrececeel 1845-52 T 

eswater Lake ...........0.+. 336 19 on teen ences 1844-53 I 
Moeedale ....... Soscscccssacccces 24 | I. Fletcher, Hag. ...| C 1865- 

Sca Fell Pike ............ weeees 3200 ” ove} C 1864~ 
3 eeeccesaseeesecons 3166 | Dr. Miller............| C 1846-53 imp. T 
Seathwaite...............ccceceeee 422 | I. Fletcher, Haq. ...| C 1865— 
» (10 in.) ........000- 422 | Dr. Miller and Mr. 
Dixon ........000 1846- 

» (22 im.) ...ccceceees 405 » 1845-53 T 
Seatollar Common ............ 1388 | Dr. Miller............ 1846-53 T 
Sparkling Tarn.................. WGQOO | gg ee evevaeeecs 1846-53 T 
Sprinkling Tarn ............... 2985 | I. Fletcher, Hag. C 3864- 

Sto BO a ecessscncsveenes 330 ” eeemecans C 1864~ 
19s eee eeeeeeenevenes Dr. Miller.......0.... C 1847-53 T 
Stonywath............cccscccsceee TT Ter ssceeel - 84.4 imp. 
Btye, The .............cccccseeeee » deceencooons 1850-53 
» (Head Tarn) ............ 1472 | I. Fletcher, Eag. ...| C 1864-— 
99 9 teeta cae eaee 1448 | Dr. Miller............ C 1846-53 T imp 
Wastdale Head.................. 247 | I. Fletcher, Hag. ...| C 1864- 
$9 tate eetncenevecens 247 | Dr. Miller...., steeees C 1845-53 T 
CuMBERLAND. 
Alston oo .eceeeeecescceeseceees eoeaee 1851-52 imp. 
Brampton fe Howse) seseeee 3 Coulis 1853-1mp. 

. » ouse)...... o | d. Coulthard, eof 3853-2, 1864~ 
Carlisle ...........02. ccccscnseeee 37 eaeaee ate 1987 54°55 
secsseccsaccccccccseecseces| GO |  ——eaeene 1350-53 

” haddongate)......... Mr. Pité ....0.....0.| C 2801-24 T 
” metry) St veessesees 114 Mr. Cameron ...... 1860- 


A copy y of the Table of the monthly fall at Dr. Miller's Mountain Stations in 1844 is 
very much wanted by Mr. Symons. 
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ComMBERLAND (continued). 


Station. Hleva- Observer. Period. 
Carlisle (Harraby) ............ -. _| J. Atkinson, Faq. .. 1851 
»  (Sealeby)............... 1207 | R. A. Allison, Keq... C 1863- 
»  (Sootby) ............... yoo | Mr. J. Clark......... 1858 
Oth .......cececeee ees 127 | Dr. Miller............ 1845-50 
9) tea tasateseeeeees 158 | Dr. Dodgaon......... C 1861- 
» 8 ft.)..........8- 164 er rererrTr C 1864- 
” Bridekirk) ...| ... Rev. J. Carter. 
” igham) ...... .. | T. A. Hoskins, Eaq. 
99 (Whinfell Hall)} 266 | W. Robinson, Esq. c 1856- r 
. eee 1829-33 
Derwentwater (Crow Park) .. |H.C. Marshall, Eaq.) C 1864- 
Keawick  ........cccecccsnevacees eee Mr. Croethwaite ...| C 1788-94 
t » oo ecestpecescascancenees 250 » 1845- 
eecscenceccroervensncees 250 ” C 1865- 
" , (Bassenthwaite Hall)...; 2s0?| Dr. Miller............ 1847-52 
” (Mirehouse)......... 300 | T. 8. Spedding, Esq.) 1854- 
Lingmell ................cceceee: ees Dr. Miller............ 1850-53 
Maryport (Tarnbank) ......... 225 | I. Fletcher, Eag. ...| C 1863- 
ween 230 » cocsssee-| O 2863- 
0 (Broughton Moor)} 410 | oaeeeee 1849-55 
Penrith ...........ccccsscsecscece ase Mr. Bird ............ 1851-54 
» (Crewgarth)............ : J.P.8 © ie 
» (Bacal) , be eeesesenas . Mr, Bevntedt boeees 186 4 
(Greystoke)............ ~ | we ee ne “y 46-51 
SMOth ooo eceecseeceerececc 28 | Rev. F. Redford ...| C 1855- 
Tirrill oo... ...cccceecescaeeecees re reer 1845 total only. 
Whitheck ..........cccssececeeees Rev. T. Ormandy ...| C 1864- 
Whitehaven ...............00008- Dr. Miller............ C 1833-5 
» Round Close)... ago ty tee taeeeenes 1846-4 
»  (StJames’ Church) go b tan teneeeees 1844-53 T 
” (Bootle) ......... 87 | Rev. A Wilkin...... C 1863- 
” Braystones) . 36 | J. D. Watson, Keg. | C 1864- 
” (Flock, Cleator) 240 | T. Ainsworth, Eaq. 1844-53, : 855- 
1, 1863 
(Holme Rook)... Rev. C. Pratt. 
Wigton ....cc...ccccecececcceseees Rev. R. Matthews .| 1845-52 
” " (Brookfield School) re ery 18 54. 
" ” 130 | R.M. Lidbetter, Kag.| C 1861- 
DsxRsysnine. 
| Belper .......sceeees deatecereres - | J. G. Jackson, 
| Button - aa C 1865~ 
Chapel-en-le-Frith .. 965 | M.S. & LR. ...... 1840, 1844-47 
1851-54, 1858— 
» (Combs House) ......... _ 92 tee Wssimp. 
} oo» » Moses or Ridge) 1669 ” ° 1847, 185 1- 
1 os - oir) .. 710 | gg ents 1840,1844-47,18 50- 
oo” ” », Soc. gauge)! 850 Manchester Memoirs 1844-47 
| Chateworth ...... COeseresssesens Terre 1777-93 
t PP Terrrererrereyr errs 404 | Mr. Stewart ......... C 1860-63 
ts 1) ne eeeenececeececeees 404 | Mr. Taplin ......... 1865— 
‘ Chesterfield ...............00c08- 248 | M.8.& L. R. ...... 1855— 
| " (Brampton) | Rev.J. M. Mello...| C 1864- 
| n ” ... | d. M. Hewitt, Eeq. 
nr 140 | Mr. Swanwick ...... 809-3 5 
19 teen ncncceereeeeesecseoeees rs errr 1837 
| 99 hace cee eceeenescecareeseees 180 | J. Davis, Eeq. ..... C 1843- 
» (All Saints Church)...| 349 " C 1862 T 
| ” Mickleover) veceenvenees -.- | Dr. Hitchman. 
w» (Morley) ............... Rev. 8, Fox. 
1865. Q 
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‘Dansysnine (continued). 


Derby (Ockbrook) ............ 
” West H Sneree 


secevessesee| §0O |  ———nacoes 1839, 1840, 1842 
bes eececesesees 1842-4 lump. 
ee eeee 1839-42 
eo vee 1839-42 
veeeee 1839-43 
bc scccacecocsescveceers 1853— 
wm =| Bawley ...........ccccseceececenes C 1864- 
se teaeenceetecceceasenas 1864—- 
seseeeenenes C 1865- 
se eeeceee C r851- 
1849-52 
DrvonsHine. 
Bampton (Huntsham Court)| 584 | Miss Troyte ......... 1859-62 
MO..... sc sseceeeseeesseene 31 | T. Mackrell, Eeq....| C 1857— 
# » (Bratton Fleming)| ... Rev. H. 8. Pinder .| C 1865- 
» (Braunton Lighthouse 49 | weneee 1855 imp. 
Bideford (Appledore ” ‘f wee ~ tee eee 1855 imp. 
* »  (Buckish) ............ Rev. J. H. Kirwan | C 1865-— 
a »  (Northam)............ wes Rev. J. H. Gossett... C 1865- 
t {| Bovey Tracy ................0000- 96 | J. Divett, Keg. ...... 1 1952, 1856— 
Buckfastleigh (Hawson) ...... ... | Mr. Scott ............ 2861 
” (Holne)......... 6go | Rev. T. Hullsh ....| O 1851-56 T 
bys ence esereeecees ves F. Sullivan, Eeg. 
Buekland em 
(Cra ©).ssccecseeceeseeee] §00 | G. Leach, a veces 1857-58, 1860 T 
Chumloigh (Chawiei hh) .veee nee ed 1857-39 
” Witheridge)...... es er erere 1855 imp 
Oollumpton (Bradninch) ...| 250 | Mr. H. Matthews... C 1841— 
” (Clyst Hydon) .. 200 | Rev. J. Huyshe ....| C 1847- 
# » (Strath Culme)..) 200 | C. BR. Collins, Esg. ..| C 1864- 
oor( Burrator,Sheepstor)} 950 | H. Terrell Eeq....... 1855-58 
t ” Lee Moor) ......... goo | H. H. Treby, C 1860— 
” Prison Roof) ...... 1400 | Dr. Roome .......... O 1853-— 
+ ” ,  Reservoir).| 1400 | Mr. Watts............ O 1862- 
t ” North HessaryTor)) 1596 | 4p ac eeveerece C 1862-— 
- Prince Town)...... 1360 | Mr, Windeatt ...... 1838-40 
» RoughTorConsols)} 1200 
Dawlish (Mamhead) ......... ee Gardiener’eChronicle C 1852 
ty tt tence eee sceeeeeccoeens 62 . J. Margary, | CO 1857- 
Devonport .........0.sseeeecees 118 | Mr. T. Lecter 1852-53 
” (Stoke) ............ 195 | Mr. Mould .........| C 1817-29 T 
Exeter (Barnfield) ............ 146 | Dr. Shapter ......... 1847-58 
»  (Brampford Speke)...| ... | W.H. Gamlen, Esq.| O 1865- 
t »» (High Street) ......... 180 | W. H. Ellis, Esg....) 1860- 
a ” 19 heen ewe 184 » ...| C 1864— 
+ ' y  (Hoopern) ............ ... | @. Kennaway, Eag. | C 1864- 
T »  (Institution)............ 155 | Mr. Parfitt ......... O 1817- 
” en Leonard)......... Dr. Barham ......... 1840-42 
t » (St. Leonards) ......... 140 | W. Vicary, Eag C 1861-64 T 
; " 9 tee tase ee 160 RB Dyond Waa, c 1860-64 T 
” 19 tenes 141 ond, . 1860— 
t » (St. Thomas) ......... 50 | ™ Leese C 1814-61 


(WW to be w 
Duvonsntex (continued). JN Vv poo. 
Station. Bleva- Observer. Paridt vive 
t | Exmouth (Bystoke) ............ 280 | E. Divett, Esq. ...... C 1860-63 T 
BA | GD ceeccceeceveceeeececeens . | Bev. T. Chor seeaee C 1864- 3 
Honiton ..........0s.ceeceeneees Pos Tre 1841 imp. 
t »  (Broadhemb 600 | Rev. W. Heberden | C 1837- 
»  (Otterhead) ......... ... | Migs Beadon......... C 1856-63 T 
ely ” dec Torch saccesseeees eee B. 1. Abraham, lo 1862 
vybridge (Torrhill) ......... 240 . Widdicomb, | © 1857- 
Kentisbury (WestlandPound)) 930 | Mr. Smith....... a . +85 5 imp 
Kingsbri (The Knowle)...| 243 Harris ......... 1857— 
ledford (Hexworthy) ......... rere C 1863- 
Milton Abbot (Beckwell) ...) .... | Mr. Easterbrook ...| C 1863 
t n mbe) ......... .. | H. Clark, Eag. ...... 1860-63 T 
” 99 eee rs rrrrer 1832 
( @igh) ..........6. ... | Mr. Cornelius ...... C 1863- 
Moreton Hampstead (Chag 660 | R. L. Berry, Esq....| C 1862- 
TU) ...... ec veceecnccesvenes 
t | Newton Bushel (High Wick)| 250?{ Dr. Barham ......... C 1851- 
North Tawton .................. 450 
Plymouth .......... eeeeeescserens nt ee 1826-34, 1838 
1) A beteneeeeesesceserenees go | Dr. Huxham......... 1733-35 imp. 
' ty teat aceesencenetacecsees oes ar 3 ir sevsceaceees o 1767-68 
» (Compton Hartley - iss Molesworth ...| C 1864- 
| n Flora Place) ..... on tri 1841 imp. 
” Whimple Street)..| .... | Mr. Jeffery ......... C 1864~- 
| ” ) eee 94 | Rev.C.T. wney| C 1842- 
t ‘ Plympton St.M.(Goodamoor)} 580 | H. H. Treby, Hsq....| O 1834- 
t 1 ,, (Ridgeway) ......... 116 | Miss Phillippe ...... C 1857- 
t | " (Saltram) ............ 96 | Mr. Snow ............| O 1855- 
| Sidmouth ..............ccccc0eees wee Dr. Cullen ......... (1843-7) 
| 1) ten teeeeseceesesesences wee Dr. Mackenzie ...... C 1865— 
"oy (Blackmoot) ...... go | W. Strahan, Esq. ...| C 1864- 
* » (SalcombHillHouse)} 74 | A. North, Eaq.......| C 1861, 1863- 
, South Molton (Castle Hill)...|. 150 | Mr. Saul ............] © 1851- 
"s (Meshaw)....../ 472 | Rev. W.H. Karslake| C 1861- 
South Sydenham ............... er Trt 1858 
a) ee aes Mr. Windeatt ...... 1838-42 
t 09 Meet cer ac cetsnccccrocens eee . 
| » (Bradstone)......... ... | Rep. Cor. Pol. Soc 1840, 1842 
ti) 4, (Maibrary)............ 273 | Mr. Merrifield ...... C 1844- 
# ” 9 New eevee oe 99 OD Oo 1865- 
‘ol, Mount Tavy)...... we «| nter, Keg. | C 1864- 
t Teignmouth ..............0c0ee8- 61 | W.C. Lake, Eaq. ...} OC 1860-62 T 
t " ( Weetbrook so | Miss Clark ......... © 1859- 
»  (Bishop’sTeignton)| 100 | Rev. S. M. Scroggs..; O 1864- 
Tiverton (Cove) ............04. 450 | W.N. Row, n kiag C 1862- 
” AYNO)............68. 400 | W.H. Gamlen, Eag.) C 1853-64 T 
Topsham (Clyst 8t. George)..| ... | Rev. H. Ellscombe.| C 1865- 
¢BA Torgaay (Lamorns)............ 20s | W. Pengelly, Haq. ..| C 1864- 
loon Melville) ............ ... | T. G@. Braden, Keg. 
‘rol, ‘South Town Villa)..| ... | Rev. C. Malden ...| C 1865 T 
t » (Woodfield) ......... 150 | E. Vivian, Eeq....... 1860-1, 1364 
| Torrington (Great) ............ 450 | Rev. 8. Buckland ...; C 1863- 
Dors&Tss ire. 
Beaminster (Netherbury) ...| 1207] Rev. C. B. Mount...) C 1857-65 T - 
Blandford —..............0s00 ... | W. Shj ee C 1864- 
Bridport (The Cedars)......... 85 | A. Stephens, Kaq....) C1855- 
Cerne Abbas (Melbury House)} ... | Marl of Ichestep ...). 1852-54 imp. 
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DogsersHixs (continued). 
| 
Eleva- - 
ec neccecccacecsceareeees J. Jowett, = C 865- 

” (Lattle Bridy) ...... 48 | H.8 Eaton. woes 18¢5- 

n (U pw ) y) aeecees 0 ) ewe Eag. ......[ C 18a- . 

” ett Lodge) ...... . 1562-53 imp. 

* tA ) eceeee Kari of Yboster. 

Forde Abbey Chard] ......... G. Miles. Eng. ......| C 1861-64 T 
Gillingham ....................- 1107 ' T. Thompeon, Esq. | C 1832- imp. 
Portland (The Grove)......... 220 | Dr. Hoaghton .......' C 1851-58 

» (Breakwater)......... 52 | J.T. Leather, Eag. | C 1856— 

nc esceenceececseesees ..- | T. Ackland, Keg. ...! C 1864— 
»  (Fontmell Magna}| ... | W. J. Selkeld, Kag.! C 1864 T imp. 
” (Sutton Waldron).| ... C 1864 T 
oe eeseerscececsescessens 120 | J. Kidd, Esq. ......| C 1863- 
Wareham (Encombe) ......... 150 | O. W. Farrer, Eeq. | C 1g60— 
Wimborne (Chalbury)......... ... | Bev.G.H.Billington, C 1865- 
Duran. 
Bishopwearmouth ............ 130 | Dr. Ogden ......... C 1835- 
oc evcecscnvcecerseees wee cesses 1734-35 imp. 

99s ene teceeveneecsereee 140 Fit Dyke Req --.| C 1859— 

” Long Newton)...| . . 6, . 

* ” ne )sosceceee Rev ow Smith...| C 1865- 

” (Raby Castile) Mr. M‘Intosh. 

ce eececeecersesesceecnes 339 | M. RB. Dolman, Eag.; = 1850-— 

” Kak).....0...cccsoees. wee Rev. T. Chevallier .. 

” shaw College) ...| 600 | Rev. J. Gillow ...... C 1861- 
Gateshead(BurghfieldGrange)| 68 | G. Wailes, Esq. ...) 1864— 
Seaham Hall .................. too | R. Draper, Keg. ...| C 1862- 
Sunderland (Esplanade) ...... one Dr. fe. 

t ” (Field House) ...| 85 | Rev. G. Dliff......... 1854— 

t ” Hendon Hill) 120 | J. W. Mounsey, Eaq.| C 1862- 

t ” est Hendon)..; 125 | T.W.Backhouse,EKeq | C 1859—60 imp. 

t . » ” | 126 ” C 1860- 

99 ence cece eeccconces 130 | eeeeee 1856~59 
Washington ..................00. 120 | J. Watson, Esq. ... 1856-58, 1860 
Winston (Stubb House) ...... 458 | T. Dodgeon, Esq. | 1856~ 
Whorlton ..............-c006 pevee] cee | Rev. A. Headlam... 

Essxx. 
“B.A. | Billericay ................cscccees ¥. Carter, Kaq. ...... C 1865- 
Braintree (Bocking)............ 200 | 8S. Tabor, C 1851- 

Icheater .........000c-scssceeess Army Med. 

o »  (BroomHillHouse)}| 55?) Capt. Walker ...... C 1864- 

” (Birch Hall) ...... C. G. Round, Eag. ..' C 1865-— 

»  (Frating)............ 80? | Rev. R. Duffield ...| C 1854-62 T 
Dunmow ote veceescecsecreseesecs 234 | H. E.Cocksyne,Easq.' C 1851- 
EPP senvasecersnsccsecncnsesees 60 | H. Doubleday, Eaq.' C 1822- 

arlow (Sheering) co seencecene 100? | Rev. E. Hill ......... C 1863- 
Hedingham Castle ............ .. | L.A. Majendie,Esq.| 1864- 

Fo | Leyton oo eeeeeeee 93 | J.G. Barclay, Eeq..| 1861, 1863 
Plaistow 2.0.00... ce cccsccesoee ase L. Howard, Esq. ... 1806-12 
Rochford (Clements Hall) ... 25? A. Holt White ite. C 1863- 
Romford (Upminster)......... «- | Rev. W. Derham...| 1697-1716 
Saffron-Walden (Ashdon) ...| 300 | Rev. J. T. Walker..| C 1858— 

| Witham (Dorwards Hall) ...|_ 20 | H. Dixon, Esq....... 1847- 
GLOUCKSTERSHIRE. 
| Berkeley oes eeeeecevensseesescees «- | Rev. C. T. Pratt ...] C 1865- 
1) re | rs errr 1774-78 


Bristol (Institution) 
» (Park Row) 


Gloucester ae 


” (Bouskey) becneeeoenes 
Alresford (Arle Bury).......... 
(New 


: 
i 


Pewseaeneense as eesenvese 


» (North Brook) ...... 
) Havant (Leigh Park) ......... 
; Isle of Wight (Carbo vee 
1 ” rt) ...... 
i. {Orbome) ceases 
” (Ryde) seseeeees 

a Bt. Lawrence). 

» (Ventnor) ...... 
Lyndburst..............::ccc0c0+ 

| 7 


Seoceeeseesotsconstanevaeeseaaeses 


@eceseasecovssenousgetsocene 
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GLOUCESTERSHIRE (continued). 


Period. 


o 1860-61 
185 
Cc 18¢¢- 
| C 1864- 
oesees O 1864- 
sesoewevsves 1833-3 
sesececcoene C 1862-6, T 
| C 1844- 
| C 1853-65 T 
C 18e5-6e T 
C 31862~ 
woe eee 1860-62 
Dr. Wood ............, 1864- 
C. J. Fowler, Esq....|. 1858-59 
R. Spinney, .--| 2837 imp. 
.C, 1849-— 
C 1860- 
C 1864- 
1858-62 T 
C 1865- 
HamrPauire. 
325 | J. Arnold, Eeq....... C 1858- 
350 tw ae C 1864-— . 
370 | E. Shaw, Esq. ...... 1864-— 
80?] F. Marx, « cecceel = F862— 
eas Mr. Fielder ......... 3861 
wee Rev. J. White. 
680 | Rev. M. A. Smelt...| C 1863-64 T 
--. |'Mr. Holt ............ C 1785-89 
177 | Rev. F. H. White ..| C 1847-62 T 
re errr ry 1784-92 
... | ‘Rev. C. H. Cholmely 
169 | Rev.C. H. Griffith..| 1862- 
30? | Dr. Falls ............ 3862-63 
10 | F. Moeer, Esq. ..... 1864- 
R. Porter, jun., Beg.) C 1861- 
26 | H. Sharland, Eag....| C 1860— 
ns rere 1837-40,1 842, 1856 
. J. H. Maverly, Haq.) 1841-42 
?| W. H. Stone, Yieg C 1864- 
cece 1847-48 imp. 
24 | J.C. Bloxam, Hag...) 1841-56 
172 | J.B. Mann, Keg. ...| 1852-56 imp. 
172 7 oy, C 1858- 
... | Army Med. Corps 
110 | B. w, Esq. ...| 1860 
15 | R. Taylor, Keq. ...| C 1860— 
oe Rev. C. Malden...... C 1865— 
wos W. T. King, Esq. ...| O 1865- 
150 | Dr. Martin ......... C 1840- 
 rriTr 1860, 62, 63 
Dr. Peskett ......... Cr 
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Hamrsuire (continued). 


Eleva- Observer. Period. 


Station. tion. 


Petersfield (Heath Lodge) ...| 200 | Rev. M. A. Smelt te C 1857-63 T 


» } 0 ) ..f 200 | Rev. H. Haigh ...... C 1864- 
" tris) eee eeeecosssees G. E Coryton, Esq. 1853- 
Portamouth ..............0.000- ... _| Army Med . 
Selborne (The Wakes) ......... g00?| Gilbert White, C 1780-93 T 
rr Pererrere 500 ?| T. Bell, Esq. ......... C 1851— 
Southampton (Gu orks)... ao | Mr.Sharp............ C 1848-61 
” 0.8.0.) ...... 74 | Col. Sir H. James...| 1855- 
en Cr ee Serre 92 | sawn 1855— 
” Bassett Wood); 230 | J. Bullar, Hag. ...... O 1865— 
” Cadland) ...... eee E. Drummond, Esq.| (3863-) 
” Eling House) | . 15 | W.C. Spooner, Eaq 
» (Note seseveees ... _| Army Med. Corps...| 1848— 
(ShirleyWarren)| 102?} R.C.Hankinson,Kaq.|  1862- 
Winchester (Gas Works)...... 156 | Mr. Sharp............ C 1842-47 T 
” Hursley) ......... 300?! Rev. S. M. Scroggs .| C 1861-63 T 
» Itchen Abbas)...| ... Rev. W. W. Spicer | 1850-62 
» tOteerbourne) .-) *11a | J.B. Yonge, Bea... 1864— 
19 Cote e nese necenscenes ... | Army Med. Corps. 
HBRRFORDSHIRE. 
Hereford (Blue School) ...... I 88 E. J. Isbell, Eag. ...| C 1863- 
” (Eign Hill) eeseavens W. Cook, Eag. ...... C 1864- 

a (Broomy Hill) ... 194 T. Curley, Esq. ...... C 1864- 

” (Infirmary)......... 160 | A. Thompson, Esq. .| 1858, 1862-3. 

3) tae en eascensceccceeeness wee H. Lawson, yee 1836-41 

” (Fool Cottage) . 450 | J. Pendergrass, C 1818-43 T 
Ki {Strato 250? ne ntian vesees | C 1860- 

ngton y or Burches bee RB. ngton,Esq.| C 1841-2 

Leominster (Leysters) ......... 7007] Rev. T.8. Hewitt 18 > 

” West Lodge) ...| 229 | E. P. Southall, Kaq. C 1857- 
Roes (Rocklands).............4. 150? | J. M. Herbert, Keq. 1852 

HERTrorpsHiRe. 
Ba'dock (Hinxworth) ......... a errs 1856-57 imp. 
Berkhampetead.................. _ 370 | W. Squire, Esq. ...| C 1848- 
Buntingford (Aspeden) ...... oes Rev. A.P. Sanderson! O 1865- 
Cupping Barnet (Totteridge 
ark), 
Hatfield House ............... vee | aseees 18352, 3854-56 
Hemelhempstead sarorth 250 | J. Evans, Heq....... o 1833 
ensworth 90? | T. Jones, Eag. ...... C 1864 

Hertford (Bayfordtury) sevens 250 | W. C. Baker, Esq. | C 1859- 

_». (Parkgate)............ ... | Rev. R. P. Davies .| C 1864- 
Hitchin ...............ecseceeees 242 | W. Lucas, Eegq....... 1850-— 
Hoddesdon (Fields Weir) . 82 | N. Beardmore, Eeq.| 1861- 
Royston,..........sccesscsecencaes 266 | H. Wortham, Esq. .| C 1842- 

St. Albans era ..» | Mr Bogue............ O 1853- 
” (Rothamstead wes J. B. Lawes, Esq.... 

” ( » small gauge) ° 
Stevenage ..............ccccceceee .. | CB. Pearson, Keg. 1852-55, 1859 
(Woodfield) ......... 300 | J. B. Denton, Esq. | 1864— 

Ware (Youngsbury) ......... rs rere 1787-91 
Watford (Bourne End) ...... 300? | R. Littleboy, Esq. .} 1854, 56-59 T 
” ania So anaes ... | Capt. Bea oy bese 1818-20 imp. 
» ( 4, Roof)......... wes - 1820 imp. 
» taaebure seseeesceacs 380? | D. Carnegie, Esq. .| C 1861- 


mt Hunton Bridge) ...| 2007} R. Littleboy, Esq. .| C 1860-64 T 
Watford House) ...| 190 | R. Clutterbuck, | O 1857— 
Welwyn (The Hall)............ wes C. Trueman, Eeq. 
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Conington Rect. [ Peterboro] Rev. G. Heathcote 1864- 
Huntingdon (Ramsey) sesees Lady Baynin sesees 1836-42 imp. 
” (Wistow)......... wes .T. ruff...| C 1864- 
Kimbolton (Hamerton) ...... 170 | Rev. A. P. Stopford] C 1353- 
, St. Ives (Earith) ............... Mr. Brown ......... 1862-63 
| St. Neots (Tetworth) ......... eee H. M. Kaye, Eeg....| 1862- 
n (Waresley) ......... 200 | Rev.W.M.H.Elwyn.| C 1863- 
Kent. 
| Bexley Heath (Danson Hall). . Mr. H. Johnston. 
t ” (Welling) ...... 150 |H.8. Wollaston, Esq} 1852- 
ote eencecauceseeeees Army Med. Corps. 
" (Chartham) ......... wes C. J. Drew, wae 1864- 
” (Patrixbourne)...... 97 | Rev. M. A. Smelt...) C 1855-56 T 
atham oo... .secsseccsseeeeees ... | Army Med. Corps 
Chislehurst be eeecsesceescteenees 5 | LW Beets ieaq,| © 1729-3 1732-35 
| Croeemess ............ceececeseeee ro | J.W. asalgette, | C 1864- 
et). ve Army Med. Corps. * 
1) teense ceeeeescncccceuseaves ves Mr. Mantell ......... 1789-93 imp. 
t » (Castle Keep) ......... 513 | H. J. Poulter, Keg 1863- 
t | ,, (Castle Street) ......... 16 ” 1869-61, 1864- 
' Edenbridge; NewFalconhurst)| 400 | J. G. Talbot, Esq. |  1864- 
WICH. ......0 2. ec ec ceeee sees wee W. Rogerson, Esq..| 1833, 1838—51 
» (Observatory) ...... 155 | J. Glaisher, Esq. ...| C 1815- 
” ( ra) various gauges) see ” Varioua. 
Hythe ........... eee eec eee eeees ... _| H. Mackeeon, Esq. 
» (Horton Park) ...... 280? | J. Kirkpatrick, Esq.) C 1858~ 
" (Saltwood) ............ ses G. S. Court, . 
Lamberhurst (Court Lodge) .| 2007} W.C. Morland tieq C 1862- 

- (Scotney Castle)} ... KE. Hussey, Esq. ...| 1862- imp. 
Lewisham ..............cccsceeees a J. Glaisher, Esq 
Maidstone...............c.cece0es wes F. Dobell, Esq....... 1856— 

" (Fant Road) ...... 60 |J.H.Baverstock, Esq.| C 1857- 
pws aeacaenccecssecescens vee Dr. Fielding ......... C 1848-57 T 
“BA Margate (Aool).................. 60 | E.8. Lendon, Esq. .| C 1864- 
“BA)  ,,  (R. Sea-B.Infirmary)) 25 | bk. W. Maude, Esq. .| C 1864- 
Ramsgate (Trafalgar Place), ...  { C. J. Fowler, Esq. .| 1860 imp. 

t te tee eeeeseecesccerenees sae R. Cramp, Esq. 

# | Sandgate ...........-..cccceeeee 25 | T. Du Boulay, C 1864- 
Seven Oaks (River Head) ..... ... | Rev. J. B. Murdoch) C 1865— 

t » (River Hill)...... s20 | J.T. Rogers Esq. .| 1860- 
Sheerness .............. Seeseeenee ... | Army Med. Corps. 
Bhorncliffe............cccccsseeess ees ” 

Staplehurst (Hunton Court) .|  ... | Mr. P. Goddard ...;  1858- 

” (Linton Park)...| 200?| Mr. J. Robeson ...... C 1855- 

Tanbridge............c.ceccseeee 125 | Dr. Fieiding......... C 1857- 
Oh teen eee e eee eeeencenaees re rrr 1840, 1848-49 
- Wells ............... Bo faa aeee 1840-43 imp. 
Walter. ........0..-.0...csceeeeees ee Army Med. Co 
t | Westerham (Chartwell) ...... 400 'J.C. tquhoun, Keq. C 1862- 
t | West Wickham ............... 300 | Rev. J. T. Austen...| C 1848- 
19 teen ate neeeeeee soo? | W. Steuart, Esq. ...) C 1861— 
| Woolwich........... ... | Army Med. Corps. 
LANCASHIRE. 
Blackpool (South Shore)...... 29 | G. Sharples, Eeq. ...) C 1855- 
Bolton-le-Moors (The Folds)| 286 | H.H. Watson, Ksq.} — 1831- 
» (Belmont)...| 800 | H. Baylis, Heq....... C 1843- 
» (4 Old Lyons)| 2... | cee 1844 
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Lawcasume (continued). 
| Eleva- . 
| tiun. Observer. Period. 
Bolton-le-Moors (Heaton) ...1. 500 | H. . Baylis, Eeq....... C 1859- 
(Vale Bank) 300 atkins, Keg. ...| C 1363- 
ton in 
B (Townley) ...........- BR. Townley, Eeq 1677-86,1689—93, 
1697-1703 
Bary (Greenbank) ............ 450 | W. Wanklyn, Esq 1861-63 
1) ceceereececsceaccececseccnceee] 313 | T. Norris, Eag....... 1830-45 T 
» (Rock Street) ............ 320 | T.R.Croasdale, Esg.| 13861, 1863 
aeecectcocsecsceaccsccessoes eee T. Norris, Eag.......|. 1797-1802 
t Cartmel (Pit Farm)............ 170 | J.B. Binyon, Keg. | 1861-63 
+ »  (Allithwaite) ......... 88 | Mr. Nash ............ C 1860- 
»  (Aynesome) ......... 60 | H. Remington, Esq.| C 1854- 
»  (Backberrow) ...... eee D. Ainsworth, Eeg 
» (Grange) ............ 25 | A. Beardsley, -| 1864— 
»  (Holker)............... 155 | Mr. Wilson ......... C 31849- 
Clitheroe (Downham Hall)...| 474 | BR. Assheton, Eaq....| C 1855— 
t 7) ee 150 | J. G@. Marshall, Eag.) = 1850— 
) 1) Conese encceeeeerecscenees oes R. J. Bywater, Esq./ C 1865- 
Dalton ...........:0cccececeeeeees a Te 1854 imp. 
»  (Bampeide)............ 34? | Rev. W. Dawson 1853-57 
Garstang ( Bleasedale) ......... 600 | J. Hill, Esq. ......... C 1860-62 T 
” (Wale House) ...... 455 | J. Jackson, Eaq. ...} C 1863- 
oc etccccescsesesecescees vee vesese 1800-02, 1804-17 
pds thee ee neeeseeteaccccens 30 | Rev. A.Christopher- 
BON.........00ecee ees C 1849-5: T 
» South Road) ...... 114 | W. Roper, Esq. 1861- 
t w Caton) ........... 120 | Rev. A. Christopher- 
seveeseeseescesoes C 1852— 
” Hest Bank)......... 82 | BR. B. Peacock, Esq 1820-63 
” Hornby Castle) 103 | C.H.Lethbrid on 1864— 
$9 teen ec eccececcnecececes ae Dr. Compbell easeee 1784-93 
Liverpool ............csscsscesees vee | wee 1826 imp. 
90 once ea nee eseeacersonees er tere 1845 
» (Dock Offices) ...... - Mr. Hutchinson ... 1775-1792 
” cok) wesacseceees . W. Lassell, 1842 
» Brook) ............ -- | W.Lassell, jun. Req. 1861-63 T 
» (Lord Street) ...... am Mr. Abrahams ...... 1840-41 
” (Observatory) ...... 23 | J. Hartnup, Keg. ...| C 1864- 
ro hereon $2 » 1846— 
» (Sandiield ark) ...)... W. Laseell, 1860 T 
» (Walton) ............ vee Mr. Holt ............ C 1791-1801 
3) teeter etc cescncceceesens rs re 1838 imp. 
19 hee eee eseeteestececenes coe | ewes 1802-04 
otasesencasencesacaecnes wes Sevens 1784-92, totals. 
Manchester .....cccscscseccse eee Nicholson’s Journal|/ 1808-10 
p> tate ae ee vencceesecsecsas ese Dr. Dalton ......... 1794-1840 
» (Market Street) .... ... | J. Casartelli, Haq 1830-53 T 
” Piccadilly)......... 194 | M.S.&L.R. ...... 1850— 
” Ardwick) ......... 130 | J. Casartelli, Eag....) C 1853- 
” » Green)...... ae L. Bucham, Esq 1825-39 T 
” nom ce J 
” (Denton)............ 324 F. Bateman, . 1864- 
” Keclos) ............ 115 | T. Mackereth, ea’ Cc 1861 
” Fairfield) ......... 312 |M. BEL. ...... 1840, 1845-47, 1853- 
” » Soc.Gauge)}) 320 | 3... 1845-47 
»” Gorton)............ 263 | J. F. Bateman, Esq.) 1854- 
” Holme)............ oes G. Lloyd, Esg. ...... 1765-69 
t »” Old Trafford) ...| 106 | G. V. Vernon, Eag. 1850— 
sf oe 9 ) eevves 104 J. Curtis, © seseee OC 2862— 
” Outwood) ......... 295 | W. Horrocks, Faq 1860~ 
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LANCASHIRE (continued). 
Station. Hleva- Observer Period. 
| Manchester (Rhodes Wood).| 520 | J. F. Bateman, Esq 855— 
| (Sale) .............4- 134 | J. Curtis, Esq. ...... 1855-61 T 
| »  (Salford)............ .. | Mr. Walker ......... 1786-93 
| Middleton (Slattocks) ......... 450 | Manchester Mem....| 1833-40,1845-47 
| ( +, Soc. ug) 450 1844 
Oldham (Brushes Cioug! ) 950 | J. Taylor, Eeq.......| 1861- 
| » (Gas Works)... 600 ” 1860- 
+ » (Royton) ............ 484 | Mr. Heap ............ 1836- 
‘BA 9 (gg) wee eeseveees 480 - C 386s5- 
»  (Strines Dale)...... 800 | J. Taylor, Keg. ...... 1859-— 
(Waterhouses) . 345 | M.S. & LR.......... 1845-47,1850- imp. 
Ormskirk (Rufford)............ 38 | J. Porter, Keg. ...... C 1847- 
Preston (Fishwick) ............ 154 | T. Oddie, Eag. ...... C 1850- 
» (Holme Slack)......... 143 | J. Newton, Eag. ...| C 1861- 
» (Howick) ............... 72 | T. Norris, Keg. ...... C 1845- 
» (House of Correction) 140 | Mr. Hesketh......... O 1849- 
” ” 187 ” C 18 
vet etecacecercceseceseceees ... | Army Med. Corps 
Redcliffe (Mount Sion) ...... 250 | H. Katon, Kag....... 1862— 
ot esecencecceessaceeoees o | MB&LR..........[ 1863- 
t ” Castleton Moor)...| 475 | Rev. J.C. Bates ...) C 1863- 
at » » Exp. ges)| ... " Various. 
” Castle Hill)....°....; 500 | Mr. Eoroyd ......... 1832-47 
» (Heywood W. W. Res.)| goo | C. E. Cawley, Esq...) C 1848- 
» {Mos Lock) ......... soo | Manchester Mem. 1825-40, 1844-47 
: ” » Soc. gauge) 500 r 1844, 1846, 1847 
cece cc ncaceesceconseens eee secees 84 
Southport (Virginia Farm)...| ... | RB. Stokes, Eaq....... C 1867-63 T 
Todds Brook ..........secsee0 620 | Manchester Mem....| 1847 
| ABA) Ulverston ........0cc.ceeseseseeee 98 | J. H. Matthews, Ksg.| C 1864- 
| iow ns rer 1852-58 imp. . 
| | Waith Sutton oeseeccescuscnenes ... | Manchester Mem....; 1789-93 
| Warrington ...........cescceeee: 33 | T. G. Rylands, Eaq. 1849-55 
" (Penketh School)| ... | L. Jd. Reynolds, Esq.| C 1865— 
" Witwick) ...... ... | ¥. Rothwell, Keq....| 1844 imp. 
" (Walton Lea) wee G. Crosfield, Esq. 
Whalley (Stonyhurst) ......... 381 | Rev. W. Sidgreaves C 1846- 
Wigan (Waterworks -} 225 | J. L. Hunter, Esq. .| C 1863- 
» (Standish) ............ 300 |. C 1853- 
Windermere (Wray Foot) seeees . Manchester Mem....| 1788-91 
t eatle) 250-| Dr. Dawson ......... C 1849- 
Yealand rBsrton> on a Ker 1). . seeens 1826 imp 
LEICESTERSHIRE. 
pleby School ............... 340 | Rev. B. F. Falkner | C 1864- 
t ae Castle [Grantham]...| 237 | W. Ingram, Esg....|  1855- 
| Leicester Museum)............ J. Payne, Esq. ...... 1856-63 imp. 
t | tFrotel Street) ...... a20?| H. Billson, Esq. ...| C 1861- 
Loughborough (Emanl.Rect.)| 150?| Rev. R.J. Bunch ...| C 1861- 
” (Belton)......... 300? | Rev. R. Dalby ...... C 1863- 
” (Rothley) ...... 210 | Rev. R. Burton ...| C 1860— 
t Woodhouse)...| . Rev. J. Hiley ...... C 1865- 
t | Market Harbro’ (Fleckney).. J.B. Putt, E ...| C 1863- 
Melton Momorey i steeeeeees .. | Rev. GA. Holmes c 1861- 
” ort ) sees B. Hartopp, Esq.) C 1863- 
! | ” (Waltha altham) beeeeeees 540? Rev. 6. Gilt | 0 1860 
fh Owston [Oakham ” eseeeeeeas stot Miss Gilford... C 1864- 
| Thornton (Reservoir) ......... J. Bevins, Esq. ...... C 1855- 
, " (Vi seeeeeees “07 Rev. R. 8. Adams...) C 1857 T imp. 
t | Wigston Grange ............... | 220 | 7. Burgess, Esq. ...| O 1835-43, 1845- 


218 ‘REPORT— 1865. 
LINCOLNSHIRE. 
Stati Hleva-/ = Obee 
on tion, rver Period. 
Baeton ........cscecereeeeereceees 1o | Dr. Adam............ C 1864- 
1) teeta esececscencsesesensces 10 | W. Veall, Esq. ...... 1830-56, 2860-6, 
Bri sevens , soy Hall) seneeens 16 MS eh R. ...... C 31859- 
” Appleby Hall) ...... , Usher............ 1849-5 
P Vi Rev. J. E. Cross 1858- 5 
r Barnetby) ............ 5:1 | M.S.&L.R. ...... C 1859— 
» Ferriby)............00- Nicholeon’s Journ. .| 18c8-ro 
Siuice seseecees Mr. Smith............ C 1860— 
Gainsborough (Belmont Ho.)| 38 | T. Dyson, Esq. ...... C 1851— 
pp te eeaceescesaneeseceease 76 | M.S.&L.R.......... C 18s59- 
» (Gate Burton)...... 96 ” 18 
» (Stockwith) ......... a1 1855— 
t MGham ...........ceceseeeeeees 179 | J. W. Jeans, Esq....| C 1851— 
$9 te eee aa eeeceeereeenvens ves . Read .........05 1851 
Grimaby  ........c.ccceseeeen eens qa | M B.&LRB. .. C 1859- 
Horncastle (Vicarage) ......... ... | Rev. W.H. Milner | C 1863— 
1) hee eeeceeeeeeseeeeaeees eee Nicholson’s Journ. 1808-10 
»  (Minting Vicarage)} ... | Rev. F. Bashforth. 
COIN 0... .cccceecsatepenseescees 26 | M.S & LR | C 1859— 
beceeeaneneeees 100? | Rev. T. T. Penrose 1855-63 
t Market eeping (Greatford 
Fhall) .........cccsecsceeeseeenes oes Capt. Peacock ...... 1860— 

¢ », (Wytham on the Hill) | ... | Gen. Johneon ......| C 1820-62 T 

# ” ) ... | A.C. Johnson, Esq.| C 1864- 
Market Rasen .................. 100 | M.S. &L.R. ...... © 1859— 
New Holland .................. 18 ” O 1859- 
Sleaford..............cceeceseesees s2 | Mr. B. Heald ...... 1864- 

by econ teeeeenecscctecenscace 46 | Rev. H. S. Neucatre 1826-39 T 
» (Heydour Vicarage) eee Rev. Gordon Deedes| C 1865- 
» (South Kyme)......... 9 | Rev. H. 8. Neucatre| C 1840-— 

« | Spilsby (Welton- lo-Mara 80? | Rev. A. Wright...... C 1864— 
Stubton [Newark] ............ . G. Nevile, Exsq....... C 1862- 
Wainfleet (Croft) ............... Rey. A. Wright...... 1862- 

MippLEsEx. 

«at | Camden Town .................. 100 | G. J. Symons, Esq. C 1858- 
Chiswick ...... ......ssscsseenees Royal Hort. Soc. ...) 1825- 

t Colney Hatch .................. R. G. Rose, 1857- 
Bdmonton  .......cccccesceesees C. H. Adams, 1792-96 

ty tet ete eescasenecences ae tee 1811, 1816-40 
(Lower) ......... ... | Mr. J. Brown ...... C 1860- 
Enfield (Back Hill)............ 89 | W. Mylne, Esq 1864— 
(Vicarage) ............ 110 | Rev. J. M. Heath... 1849- 

t Finchley Road. bee eeseeeaereeeees 270 | G. W. Moon, Eog....| O 1860-61 T 

tT | gg ken eenecaneeetees 306 1 wees O 1860-61 TF 
Hackney bencecncccoeseesasccseoe 40 | Dr. Tripe ............ 1856-58, 1860- 
Hammersmith .................. 12 | F. d. Burge, Esq... 1856-58, 1860- 
Hampatead ..........ccscesceeee 360 | R. Field, 5 casees C 1862— 
Harrow-on-the-Hill ......... 375? | Dr. Hewlett 1864- 

t Highgate .........cc:0..csceeeeee 394 | J. Cutbush, C 1862- 

t | London {Chenelt Be Square) 93 | C. O. F. Cator, 1861- 

» Chiswell Street) . ... | W. Fletcher, Easq.... 1850-59, 1861- 
” tray Court) ...... ... | Roy. Soc. Trans. ... 1729°35 

” (Grey. 8Inn Road)...) 55 | Mr. Strachan ...... C 1862 

» Ghall aeeeeeeee 50 | W. Haywood, Esq. | C 1857- 

» >) weeeeees 123 O 1857—- 

” Hatton Garden) ... | Mr. B.C. Woods.. 1838 imp 

» tone End) ......... -. | F.Charrington, Req. C 1862— 

” Offord Road) ...... go | Mr. Strachan ...... C 1864- 
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MIDDLESEX (continued). 
Station Wove- | Observer. ! Period 
London, (Somerset House) 150 | Philos. Trans. .....| 1774-81, 1787-1 809, 
; 183 atl 4829-42 
», (Spring Gardens)...{ 46 | J.W.Bazalgette,Esq.) 1863- 
s9 ( ” eee 95 ry 1864 
” ” 95 ” 1863 
n (Temple Bar) ...... ..- | Bent’s Met. Jour. ..| 1795-1807 
» (Westminster Abbey ... | Dr. Heberden ...... 1766-67 imp. 
" ” House 65? ” 1766-67 imp. 
” Garden 25? ” 1766-67 imp. 
» tehall) ......... .. | J. 0. Haile, Esq. ...| C 1854-60 
1) teceeenencecenevecevencnecs .««» | Nicholson's Journ. 1808-10 
PP PTTTEEECeEET Tere rr rrr errr el ae Bae 1817-21 
ceneesee tesseescscessenees vas y Bayning ......| 1836-42 im 
st Notting Hill .........00c.seeneees -- | 8B. Bloot fisg. C 1885—* * 
INGTON ..........sceeevenees oe rrr 1854-56 
Poplar .........ceceseveeencesnees as | Mr. Gaster ......... CO 1862-63 T 
&. Yobn's Wood (Lit. Soc.)...| 162 | H.J. Montague, Bsq.}|  1857- 
(Melina Place) .». | G@. Leach, Eag. ...... 1852-57 imp. 
Spring Grove ...........0: eee Jo | T. BE. Wyatt, Eaq....) OC 1864- 
Tottenham (Vicarage) ...... wel ewe so] Rev. d. S. Winter...) C 1861-62 T 
nee eecvenvedeceresses 60 | Fowler ...............]  1842-4§- 
(Lordship Lane) .. | W.D. Howard, Keg 1847- 
Twickenham (Obeservatory)....| 24 | A. Wiss, oe sean C 1863- 
Uxbridge (Harefield Park)... .... | W. Vernon, Eaq. ...| C 1864- 
Winchmore Hill .............0 Mrs. Feltham ...... C 1858— 
MorMOUTHSHIRE. 
Abergavenny .............0005- ..- | Dr. M‘Cullough ...| C 1863- 
Chepstow ..........0. eveeesceeees 50 | J. G. Wood, Eq. --| © 1861- 
Monmoath ........-...cc0se000 wee | wees 1859 
' Newport Abercarn) ......... 160 | Rev. D. Charles .. | C 1864- 
(Giana Park - | Sir J. Bailey, Bart. 
¢ nes Foundry)...... J. J; Taybourne, Esq © 1865- 
t Gio Grange) 360 itchell, Eeq.. C 1865— 
beeeseeeens 1100 if Soper, Esq........| C 1863- 
Norro.k 
Ache 22... .ccneseseccenacee ereceaee ... | Rev. R. W. Kerrison| O 1865- 
Cromer ......0.ssccesesteerenrones s+. | — Ccoper, Eeq. . 
Diss ....ccccsccccccscscscocsencess 110 | Dr. Stewart ......... C 1860— 
i} ee CISPR ch eencveccace I 80 ” 1862-63 
» (Dickleborough)......... rT Tr 1840 im 
+ | Downham Merket Seswall ... | Rev. E. J. Howman| C 1864- P. 
»  (Fincham)| 60?| Rev. W. Blytb...... 1864- 
Fast Dereham (Mattishall).... 155 | Rev. J. M. Du Port) C 1363- 
Hunstanton .............0.c..00 60 | Mr. Ri >pingale sevens 18 56- 
Tynn (Hillington) ........... . | Rev. olkes ...) C 1865- 
OPWICh ooo... eee et eee evens ... | Philos. Trans. ...... 1749-62 
» (Grey Friara) ...... 50 | W. Brooke, Esq. ...| C 1836- 
tote en teeeeseeeseneeeees ... | C. Evans, Bog 
»  (Institution)......... 100 | W. Brooke, 1861-62, 1864. 
» (Carron House) . ... | J.d. Colman, sq. 
” (Clenchwharton) .. .. | Rev. F. Currie...... 1853-59 
” ) reer w. | H. Culley, Eng. 1862- 
” tirelthonpe) ... | — Fellowes, Esq. 1848-55 
»  (Waverland)......... ... | Lady Bayning ...... 1835-42 imp. 
” (Honingham) veveee 110 1” 1843- 
» (Stoke Holy Oross)| ... | J.J. Colman, Esq. 
” (Thorpe) ............ .. | W. Birkbeck, Esq. 
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Norrouk (continued). 


: 75 | Dr. 1840-63 T 
+ BA. (Watton) ......cccase ... | Mr. Martin ......... O 1865— 
Wells (Burnham) ............ 1oz | H. E. Blyth. Beq....) 
» « (Egmere) .....0..ceseeee 150 | R. Overman, Eeq....; C 1853— 
” {Hotkbam} Sesesvecsces 39 | J. Davidson, Eag 18,8— 
” 19) teesvevecees 43 "9 1860— 
NorTHaMPTONSHIRB 
Brackley ......... socscsceccsneee| 398 | Rev. B. F. Falkner | C 1864 T 
Kettering ............cscscccesees oo. | J. Wallis, Keg. ...... C 1863-— 
#° | Northampton ...........-c00.0 ... | Mr. Ellick... ........ C 1863— 
" Althorpe Hour) 310 Mr. Jakeman ...... C 1841- 
” on Tre 182 
» {Fltdenty beeees 385 Rev.C.H. Hartshorne C 1364— 
* Miley Hostings)| 2 ane? Rev. R. W. Prichard C 1862- 
Ale ......cccssscsscscevene ooee Mr. Ellick............ C 1860-62 T 
aes soaeeneee ... | G. Lynne, Esq. ...... ' 1726-39 
t Peterborough (Marholm) ...| .... | Rev. R.S.C. Blacker C 1859-62 T 
# | Potterspury Stone Stratford}]| ... | Rev. R. EB. Crawley C 1865— 
Towcester (Bla secoveseel = wae) | Rev. F. H. White.... C 1824-46 T 
Wanaford rine Clits seeeee . | MASLB. 
Weedon Beck ............c0000 ... | Rev. J. 8. Winter... C 1864— 
Wellingborough .... .......... re rrr 1840 imp. 
19 weet neeee eoses] ss =|: ME. Sharman, Eaq....) 1860— 
NORTHUMBERLAND. 
Allenheads [ Alston]............ 1400 | Rev. W. Walton...) 1841-43 | 
” a ere 1369 | T.J. Bewick, Kag....) C 1854- 
wteceeeesnes 1375 ...| O r852- 
Alnwick (Glanton ©) vases. 534 | F.Collingwood, Eeq.| C 1862- 
” (High House) ceoee 400 | Mr. Scott ............ C 1860-— 
» (Howick) ............ 120 | Earl Grey............ 1864- 
Roddam) ........:... 545 | Mrs. dam ...... 3861— 
Bellingham (Gterbouey eeseee 420 6 | W.H.Chariton, Esq 1863- 
(Otter Rev. T. Wearing ...| C 1865- 
Berwick (Cheswick)....... e---| 95 | J. D. Selby, Eaq 1842,1845-49imp 
Bywell .............ccesceescesees 87 | Mr. Daweon......... C 1855- 
Dead water, 55°17'N.2°38'W. Mr. Scott ............ 1862— 
Hexham (Bingfield) sveeseeee 410? | Capt. Orde ........ C 1864- 
” (New borough) ween Rev. H. Wastell 1821-24 
” & vingham). 
» arkend) ............ 277_ | M.A. Ridley, — 1846—52, 1860- 
Morpeth (Bronokbors Priory); 2007 | C. H.Cado 1864- 
” (Cresewell) ......... oo | B. Creasmetl Kea 
” (Widdrington)...... ren 1722-23 imp. 
Newcastle-on-Tyne (0.8.0.)| 187 Lieut. Sitwell ...... 1852, 1856-62 T 
9 (Institution) ...... ose 1, Esq. ...... C 1865- | 
99 (Stamfordham)...) 400 her _F. Bigge ...| C 1854- 
” ( » Church) eee C 1865- 
» West Denton)...| 250 | G.C. Atkinson, Esq.) 1845-52 T 
” lam) wecececes 96 ” C 1854- 
»  ((Camphill) ...... eo. | D. D. Main, Keg....| 1864- 
” * (Fawcett) eeveveses see ” 1864-— 
” (Green Crag) ...|  «.. » 1864- 
” (Hallington)...... 400 ” 1864- 
» 3 | (Valley N. Tyune)}  ... » 1864- 
” ts (Whittle Dean)... 380 ” 1864— 
” \ (Woodford) .. aes ” 1864- 
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NORTHUMBERLAND (continued). 


. Eleva- . 
Station. tion. Observer. Period. 
' North Shields om Pinoe} 120 
33 99 324 
~ (Low Lights) ‘| 20 
” (Tynemouth) 61 
- (Wallsend) ...| 100 

® ” (Whitley) ...| 83 Rev. R. F. Wheeler | O 1864- 
Ghotley ..............ceccceesevece 309 | Mr. Routledge ...... 1859— 
Wooler (Lilburn Tower) sevens 290 | E.J.Collingwood...| 1860- 

» (Middleton Hall)....... 240 | J.T. Leather, Esq. 1864~ 
: » (Millfleld) .......00... 200 | G. A Grey, Feq. C 1864- 
NOvrinGHAMSHIRE. 
| Nottingham ............sse0.008. ..» | Nicholson’s Journ. | 1808-10 
» (Beeston Stoel) .- | E. J. Lowe, Esq. 
» ( » Meadow) . 100 «6| Mr. W. Barker...... C 1861- 
" (Bromley House)...... ... | R.N. Harris, Esq....| 1836, 1839 imp. 
n ighfield 3 162 | E. J. Lowe, Esq. ... 1860-— 
” 29 90 ven 3184 ” 1860- 
» (West Bridgeford) ...; ... | Nicholson’s Journ. 1808-09 
veveaee Covcccesteocccecceeel 8 §2 | M S&L R. ......| C 1855- 
os (East) .........c0cee soe} «= =| od. 8. Piercey, 1860- 
vw (West) 2... ..sesceccceee 50 | Rev. D. Butterfi a|c 1858— 
\ (| re ee esenee 200 | W. W. P. Clay, Esq.) C 1844- 
” > omen) voeeeeeccese H. Sherbrook, Esq. 1862- 
Worksop .......ccscccesssrcecces 127 |MS&LR ...... C 1855- 
” P (Welbock) waereceee -- | Mr. Tillery ......... 1840- 
OXFORDSHIRE 
Banbury .....0.......-sseeee---| 340 | J. Jarvis, « eeeees 1850-63 
» (High Street) ...... 345 T. Beesley, Esq. ...! O 1851-57, 1860— 
1) ween ecceveserecccsonees W. Johnson, Eag....| C 1861- 
»  (Grimebury)......... 320 T. Beesley, Eeq. ...| 1862 imp. 
»  (Neithrop) ......... 470 ” 1862 
Biceeter ........cc0.ccccesssscnces azo | W. Johnson, Esq....| O 1853-60 T 
» (Heyford Warren)...| ... | Rev. C. B. Mount...| C 1865- 
‘RA, (Stratton Audley) . ..» | G@. Glen, Esq. ...... C 1865- 

* Chipping Norton (Kingham) ss» | Rev.J.W. Lockwood) C 1865- 
Enstone (Radford) ............ 270 | Rev. E. W. Winter | C 1863- 
Henley-on-Thames ............ 83 | T. F. A Byles, Esq.) C 1864- 
Oxford ifle Observatory) 234 | Rev. R. Main ...... C 1815- 

” 210 ” 1851- 
” » 98 ) eee Lad 
| n (Rosehill) sccccesscceseee] 270 | Rev. J. Slatter ...... © 1848-61 T 
RUTLANDSHIRE. 
Oakham (Empingham) ...... ... | Mr, Fancourt ...... 1828, 1833,1336—-42 
1844-61 
" don) ........000 T. Barker, Eeq....... 1736-94 
»  (Ryhall) ............ Rev. C. Potchett 186 5— 
Snuorsuire. 
Burford [Tenbury] ............ 180 ) Lord Northwick ...| 1847- 
Church Stretton (Acton Scott) rs erry 3852-53 imp. 
” 99s eww tere eceeeens rs ren 3852 imp. 
” ” {Lon Or)...) cee | cee 1852 
‘ (Woolstaston) Rev. D. Carr........ C 1865- 


Ceol Mortimer Maw 
Gardens) secees aon awiey ... | Myr. Hunter. 
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Suroprsnire (continued). 
| | Station Hlova- Observer Period. 
Cleobury Mortimer (Maw) 
Farm) beaeceesceneeesees 9 600 | Mr. Bourne ......... C 1862-64 T 
Ludlow (Knowbury) .........; ooo | Rev. J. B. James 185a- 
Oswestry (Hengoed soccseece| 471 | Rev. A. BR. Lloyd...| 31856- 
(Whittington) ...... vee ” ; 
Shifnal Badger) ......0+...... rn rrres 3852 imp. 
»  (Evelith) .............. 430 | Mies Elwell ......... 1863- 
» (Haughton Hall)...... 450 | Rev. J. Brooke...... C 1847- 
” Vicarage)| 400? ” Cc 1835-46 T 
Shrews SDULY ......secsscsecceees 192 | H.C. Marshall, Haq. 
4 Highfield) weeeee 200, | T. Howells, Esq. . 1 860- 
«| Wellington .........ccecsese. aes B. Banning ...| O 1865- 
« BA. Whitchurch eeesesssesesaseaeenas Rev. J. E. Yeadon...| C 1864~ 
SoMERSETSHIRE. 
Axbridge (Sidoot) ....... sesesf 250 | H. Dymond, Esgq....4 O 1854— 
Barrow Gurne rvoir 30 Cc. W. Bromgo Ig O 1855- 
Bath Larkhall) stsesseceeceens rn rere 1841-43 imp. 
» (Axford Buildings)...... 150 | C. 8. Barter, Esq 1855-61 T 
»  (Batheaston) ............ 226 | A. Mitchell, Haq. ... 186a— 
” (Hosp Ital) seccssscesceees 56 | C.S. Barter, Esq...) C 1862— 
” Swarnewick) Seceeesesens .. | Rev. F. Lockey...... C 1834- 
» trhterery Institution)...| ... | CO. P. Russell, Esq 
Bua (Weston) ........sccecseees 198 | cae C 1862-— 
PIDGewaALEL ......ccecscecseeeees en etter 1767 
1) ete eeeeeeaeeeceaeees 45 | A. Haviland, Eeq...., 1 sen? 
Brislington [Bristol] ......... 11 | Dr. C.J. Fox ..... C 1848- 
Burnham ( ighbridge) «. veeees en ert 3855 imp. 
Chard (Tudbeer) ... ... | Mr. Hull ........... C 1859- 
Frome Beckington) | steeneees 265 {| eneae 1845-48 
” (fells) beeeaceceeesserses 300 | Mr. Raynes ......... 1852-62 
PT ETTTTTCerTT Tree ... | Rev. J. Horner...... 1865— 
9 (North Hill) ......000 ... | Mr. Boycott ......... C 1859-63 T 
Glastonbury (Street) ......... too | Mr. W.S. Clark 1860-62 
be ecesans roo || Mr. J. Clark.........)  1861— 
Harptree (Sherborne Reserv.) 360 | C. W. Bragge, Haq.) C 1855- 
Tlchester ......seccerssseesecenes 30 | J. W. Bourne, Hag.;  1863- 
Timinster South Petherton) ... | W. Blake, Esq....... C 1864- 
Lan ng on sovees 150 | R. Palmer, Esq. ...|) CO 1856~ 
Mine oad TTT TTe ... | Mr, Atkins ......... 1782 
Radstock (Rectory) ............ 250 | seeeee (1841) 
Downatde College)| 601 | Rey. T. B. Snow 1863- 
Shepton allet (Doultng).. rn Tere 1855 imp. 
Taunton (College School) .. Rev. W. Tuckwell | C 1865- 
i ” Fulland’s School) W. Reid, Eaq. ......] C 1865~ 
» Paul’s House)...... 38 | Dr. Gillett............ C 1855- 
# Wey House) ...... 40 | F. H. Cator, Esq...| C 1864- 
Watchet (Kilton) etoeseuee cocees .. | Mr. Govett ......... 1833-58 
* | Wellington (Foxdown) ...... ... | W. Elworthy, Esq. | C 1865- 
Wells (Dinder).................- 140 | Rev.T.J.Bumpstead| C 1863- 
« | Weston-super-Mare............ 8 | Mr. Boyoott ......... C 1863- 
# | Wiveliscombe ...............06 ... | B. Boucher, Eeg. ...| C 1864— 
SraFFORDSHIRE. 
Dudley (Abberley Street . H. B. Biden, Esgq....| C 1865- 
a esley (Onn Hill) . ys 560 ” ia C 1367-64 T 
ney (enna) s.| goo | J. Forbes, Eag....... 1863- 
Ton (Ch Lane) ........| 591 | Mr. Farrow ......... 18 56— 
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| . Eleva- . 
Station. tion, Period. 
Leek (Radyard) ...... seceseeve] 500 | J. Forbes, Haq....... 1863- 
Oakmoor (Hllastone) eoereeeee 3507? | Rev. Sir C. P. Ligh- 
ton, Bart .........| O 1864= 
Stoke-upon-Trent. ............ .» | Dr. Garner ......... 
” (Etruria)...) 440 | J. Forbes, Eag, ...... 1863- 
” (Stanley) 550 1863- 
| Uttoxeter (High Wood) ...... oes 1864- 
Wincle (Macclesfield}......... geo | J. Forbes, Esq....... 1864- 
Wolverhampton (Oaklands) | 470 1860~ 
” (Gold oe) ne 523 1863- 
” ND) ...0.. wee 
¥ Patshull) ......... 400 1864~ 
» rottesleyObeerv.)! 531 1858 
23 ” mean 0 3 
two gauges 31 185 
‘ vs ( »» Osler’s gau. ; 53 18,3- 
Surro.x. 
Brome [Diss] ........0..sceeces Lady Bayning ...... 1843-47 im 
» | a7 Bt Bi St.) ¥ ‘ 0 sate. : 
” (Ab te 8t.)... k ; . 3 
t - (Beec Sill) cesses .. | Teer’ eo | C 1861— 
t | » Barton Hall) ...) ... Allan ............ O 1859- 
+ | 4, (BotanicGardens)| ... | E. Skepper, Keg. ...| C 1863- 
t | » Culford) ......... Mr. Grieve ......... C 1858 
» Fornham Hall) Mr. Halliday ...... 1847 
+ | ” Thurston Lod Rev. W. Steggall...) 13834, 1860-63 
t . » (Nether Hall) W. OC. Bassett, Esq.| C 1860-63 T 
t | » (Westley) ......... R. Burrell, Esq 1860~ 
| we (Yaxl seceees tossscerees Rev. W. H. Sewell | C 1865- 
| leigh ) sessersereee Rev. J. H. Lloyd 1853- 
Ipswich ( disburgh)......| .... | P. Harris, Eagq....... C 1860- 
| Lowestoft (Carlton Colville) . 8 | G. Edwards, 3864- 
! shee eeencseeevecssaess ... | Sir F. Crossley ...... (1865) 
" ech Castle) wee Rer. J. Jodrell...... o 1862" r 
" urgh Castle) ... 10 ory, Hag. ...... 1858-64 
ee (Hopton Hall)...; 70 9 i, C 1864- 
‘ Mendlesham (Thwaite) ...... ... | Mr. Whistlecraft .. 1830- 
Surrey 
be cceseteccseeescscecesenee 43° | Dr. Blount .........)  1860- 

” erst Hill) ..........| ... | H.dJ.B.Hancock,Esq.; C 1865- 

yw (Park) ............008 oe - 230 | SirJ. Clark, Bart....; OC 1864— 

» (Windlesham)......... 205 | G. Dines, Esq. ...... C 1864- 
Battersea ...........ccccceeseeees 13 | J.B.Faunthorpe,Eeq.| C 1856- 
Betchworth (Brockham) ...... 130 | W. Bennett, Esg....| 1860— 

" (The Holmes) ...| 300 | E. T. Bennett, C 1861-63 

aD) sy packiand) oeseee eve Rev. W. F. Hotham 

+ © Brixton Hill...........cccccee0e- ... | Miss Sweeti won| © 186 5— 
| Caterham .............scccceeeees 370 Hr Dosat, Ean nesses 1862-63 
(Cedars Road) ...... aoe . Doxat, Eag....... 185 
t | Colt saears Road) soeeeee 100 | Miss Molesworth ...| C 1824- 
Bo eos =| Dr. Westall ........ 1860-— 
"os (Waddon House)...} ... | 8. Courtauld, Eeq. | O 1865 T 
Dorking (Box Hill)............ 500 | E. Boorman, C 1864- 
» (Bury ) ssseeeeeel 377 | A. K. Barclay, 1852-59 
| ” (Dee scnees oan sos Mr. Whiting eaesnsece 1851— 
) ™ tah 108) ...csesecess 600 | Mr. Drewett......... 1861 
” Kitlands)............ s80 | D. D. Heath, Heq. | C 1852- 


224 


++ 


» (MaresfieldForestLod.)| 301 


Capt. W. Noble ... 


REPORT—1865. 
Surgery (continued). 
Station. Period. 
Godalming (Dunsfold) ...... W. L. Woods, Eaq. 1867— 
» Wonersh) ...... ” 1860 T 
Kew Observatory..........0006 19 | B. Stewart, Esq. ...| C 1856— 
Kingston ..........cecerseeveeees T. Chalk, Esq. 
Reigate. 
bp ten becenecaceestacccucseses Dr. Martin. 
» (Ham, Red Hill)...... J.G. Marriage, Esq 1860-63 
St. Thomas’ Hospital ......... Dr. Thomson. 

South Lambeth.................. see veseee 1782-92 
Wandsworth (St. Ann's Hill)) 70 | G. Dines, Esq. ...... C 1858-64 T 
» (South Fields) vos R. Coleman, | C 1861— 

Weybridge (Heath Bartropps)| 120 | W. F. Harrison,Keq.| C 1856— 
Sussex 
Arundel (Dale Park) ......... 316 | J.C. Fletcher, Esq. 1846-52, 1860— 
” tslindon) ne seececeees 195 .| Rev. M. Smelt ...... 1860-63 
Bognor rn aesenese: 32 | H. Upton, Eag....... c 1860- 
oy (gg) vavecveneeee 22 ” 1863 
» (Bersted we J. Graham, -...1 CO 1845-52 T 
Brig (Bersted ies e) eeacee 209 J “A Hinpeeton tg 1855-57 
1p tase ec eeenceeeeeanes ny) ooe Mr. Mosso eeeeeeeee C 1790 
” r Brunswick P ° . Kebbel ......... 18 
cnitheston se eeeenececacseoees 5 .. | Nicholson’s Journ. 1808_10 
» Museum) ......... 20 | W. Hills, Eeg. ...... C 1835- 
” est Gate) ......| 12 | Dr. Tyacke ......... 18 54- 
” Chilgrove) ......00 284 | W. L. Woods, Eag.| C 1834- 
” (Bepton Hill)...... 554 C 1864— 
oa (Huntington) eoeees 70 | G. M. Fort, Eag....) 1860-63 
” ee C) 2. -seeeee 6: | Rev. G. H. Woods. | C 1850- 
” Weetbourne) ......[  .6. | sees 1842-43 
” Weet Dean) ...... 260 | H. Paxton, | C 1845- 
” Pre ree 250 | Rev. G. H. Woods | C 1834-49 T 
” West Thorney) ro. | F. Padwick, Eeq. ... 1860— 
Crawley (The Hyde) ......... 300 . Bigg, | C 1856—- 
Cuckfield (Balcombe Place)...| 340 | J. A. Hankey, Esq. | C 1862- 
Eridge Castle ........0...sceees eee cee ees 1863- 
Forest Row ......ccscsssscsseee- . T. Dyke, Esq. ...... C 1865 
Frant.........sccsssevecscesssesees . Dr att. 
Hastings ..........cccccssesceeee o Philii: aq (1838) 
1) penta eeeeeeseceeancense . — Philli (1842-46 
» (Battle) ............08. . | EK Webster, Eag 1861~ ) 
" (Bleak House) ...... 80 | Mr. Banks............ C 1846- 
» (Cemetery) ......... 450 | Mr. Field ............ 1862 
” (Fairlight) seaeeenes 500 . Rock, Esq. ...... C 1857-63 T 
” (High Street) ...... 60 | J.A. ham, Eeq.| 1863 T, imp. 
» (High Wickham)...| 212 | E. Field, Eag. ......| C 1859— 
» (St.Leonard’sMarina)) 10 | J. C. Savery, Keg 1860-62 
” ( 5» Tower)... 10 - 1860-62 
” (Otley Youse) eeenes ... | J. Rock, Esq. ...... C 1865- 
Hurstpierpoint cee cscescencees 120 | Rev. J. Gorham C 1860-~ 
Lewes (Glynde) .........0..., 45 | J. Macleod, Kaq 1856757 1859, 
1860, 1863-— 
»  (Landport Cottage) ...|  .. Mr. W. Smith ...... 1852 
Petworth Ory... Dv - Rev. C. Holland ...| C 1862~ 
PeVONneY ....0....scncecceesesees ... | Major Vidler. 
Robertebridge (Salehurst) ... ... | Mr. S. Boorman ...| C 1864- 
te (Fair Oak) ............ 245 | Hon. I. J. Carnegie 1860-63 
Uckfield oo... cccscceccseceees 200 | C. L. Prince, Eaq.... 1850, 1862, 1856- 


C 1856- 


t 
t 


t 


+ 
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Sussex (continued). 


Station. Eleva; | Observer. Period. 
Uckfield (Maresfield Rectory)| 250 | Rev. E. Turner...... 1859- 
»» (Buxted Park) _...... ZOO f  ——naueee 18 56—57, 1859- 
» (Moulsey Gore) ...... ... | EB. Brodie, Eeq....... C 1863- 
» (Newick, Beechland).. ne rrrry 1862— 
» »  Ketches) . ... | Miss Shiffnrer ...... C 1865- 
Worthing ...200......sescscseeees 12 | Dr. Barker ......... 1853-61 
» (Findon) ............ 150 | Rev. Dr. Cholmeley! C 1864- 
W aRwicCksHIRe. 
Birmingham (Phil. Institute).| 490 | Dr. Ick ............... 1836-45 imp. 
» (Midland _,, 557 | C.J.Woodward, Kaq. 8é2 simp 
” (Bloomsbury St.) 340 | D. Smith, Cee OC 1861- 
” (Camp Hill)...] 425 | T. L. Plant, Keg. ...| C 1853-63 T 
” ( Hdgbaston) sto | W. Southall, Hog... CO 1855- 
” (Moseley) ...... 481 | T. L. Plant, Eeq. ...| C 1864- 
7 (Wellington 450 | T. Southall, Eag. ...| O 1853-60 T 
ventry (Walsgrave-on-Sour)} ... | Rev. H. H. Pinniger C 1865- 
Henley-in-Arden ............... «» | GB. Dartnell, Eaqg.) C 1865- 
| Leamington (Upper Parade)| 195 | S. U. Jones, Esq. ...| O 186a- 
| (Stoneleigh Abbey)) .. | Mr. T. Bowick...... 1858-62 T 
Bagby ......cccscsscocaesecssceee 315 | F. Fuller, Esg....... © 1854- 
WssTNORELAND. 
Ambleside (Lesketh How) 200 | Dr. J. Davy ......... 1844, 1848— 
» ( Rigg)...... 580 } E.B.W. Balme, Haq. 1363- 
9s (Low Nook) ...... 150 | J.C. Wilson, Faq... C 1859- 
Appleby  .........-.c.cscescesees 242 | Dr. Armetrong"°..... C 1856- 
Bowness 
” (Craig)...coossseceee Adm. Sir T.8.Pusley| 1847-52 imp. 
(Craigfoot). 
Broigham Hall fF enrith} .. 16 | W. Brougham, Esq 1852 
Eusemere Hill [ Penrith]...... 360 | Mrs. Angas ......... C 1863-64 T 
Grasmere ........ccceceseesessees 240 | J.Green, Esq. . 1862 
(lan sesseeees 300 | Sir J. Richardson...| C 1859-61 T 
Great Strickland es yoo | H.H. Plumer, Eeq. C 1864- 
Halsteads { Penrith]............ ... | W. Marshall, Hag...) 1820-33, 1863 
Kendal ...........cssescssesceenes .» | Dr. Dalton ......... C 1788-92 T 
np tate tw eee ceceecenstoecesces ... | Nicholson's Journal 1808, 
91 toe eaeweeeecessescscesssace 149 | S. Marshall, Esq. ...{ C 1809- 
09 tense cece nessctoessceesces ... | d. Gough, Esq. ...... 1787-99 imp. 
» (Benson Knott) ...... rn er TrrTy 1790-91 imp. 
»  (Selside)............... 936 [|  —— eewene 1849-53 
98 ( TH any Bridge 
{Waith Waith Suton eoeees ... | Manchester Memoirs} 1789-93 
Kirkty see secsessenees aog | W. Harrison, Esq. .| C 1863- 
Vicarage seeeeeees 210 | Rev. H. Ware ...... C 1864- 
” ta i onse).| 4007] A.B.Tomlinson,Esq.|  1864- 
n (Dalton Hall) ...| .... | E. G. Hornby, Esq. .| C 1864- 
” (Rigmaden) ...... 155 | E. Wilson, | CO 1864- 
” (Whelprigg) seeees ... | Mrs. Gibson 
v9 hen ...........466- ..» | T. Mason, Esq......- C 1865- 
Lowther Castle [Penrith] 840 | J. Parkes, a. 1860, 1863- 
Milnthorpe ( ick) ...... ... | J. Wakefield, Imp. 
ot eanacrevececcncesess soo | Mr. Sinclair . 1863- 
Troutbeck (The How) ......... 470 | J. Wilson, Eaq.. beeeees 1844- 


BR 


SOK eeeveseve 


. Bo | C 1858-59 TF 
(Gia pantonainds ove y,W. Slatter ...... C 1857-59 Tr 
)}  .. | 3. Singer, Keg. ...... 1855 
” ” on eee malade) 400? | Rev. W. Slatter...... C 1860- 
W onCESTERSHIRE. 
Kidderminster ‘(Spring Benk)| ... | Rev.C. Trotter. 
Malvern, Great........... ...0.. sco | Dr. Williams 1862— 
” Wet acceccevcnccecscne goo | H. Hartland, Eeq. ..| C 136: 
Northwick Park [Moreton-in- 
Maresh] ...............s2.06. a Lord Northwick . 1859-— 
Stourbridge .......... erceccesees --. | R. Leach, Eag. 
Tenbury ) ensecevee --. | Rev.J. Miller 1850-52 
” Orleton) ............ 2oo | T. H. Davis, | C 1832— 
Worcester (Gas Office)......... «. | F.N. Gosling, Keg. .| C 1865- 
” Railway Offices) ..| 125 | E. Vain ea »  eeef C 8 58— 
” so ” oe wee 1855-56 
» Lark Hill)..,...... 157 | C s854- 
» (Belmont House).., ... 
Yorzsnizz, East Rinne 
Driffield (Middleton) ......... rs ere 1834 imp. 
t (ng) van eeeeee 150 |Rev.H.D.Blanchard|  1843- 
* »  (Nafferton Lodge)... 7 |W.C.Laybourne,Eaq.| C 1864- 
B.A. Filey se casccencsseacescescseseccess ... | D. Philliskirk, Esq. .| C 1865— 
Hull (Baker Street) ............ to. «(| A.O. Atkinson, Esq.) C 1864- 
t » (Beverley Road).. ...... 12 | J. Smith, Jun., Esg.| C 1857-2 
t » (Manor House ... =| W. Lawton, Esq | O 1849—- 
» (Tranby Park, Hessle) . F. Hoare, Eaq. ...... 1863 
»» (Roos, Hedon)............ Phillips’ Yo 1834 
+ | Market Weighton (Holme-on- 
Spalding Moor) . 32 | G. Dunn, Eeg. ...... C 1860— 
t | Patrington .................00. 32 | W.B. Pogh, | C 1846— 
"(Ke ingham) ...... ... | M. Harrison, Eeq 
t Pocklington ( te) ...... .. | Rev. T. Rankin ...... 1842-63 T 
t Wieldree [Yor ort wsesseeseee 6 | Rev. R.B.Cooke ...| C 1844-65 T 
icket Priory)... 26 | Miss M.D. Jefferson] C 1865+ 
Yorxsuizx, Norra Rripinc. 
Helmsley (Beadlam Grange).|. 200 | J.H. Phillips, Esq..| 1856, 1862- 
° Leyborn ....cccccssseccescsscece 650 | G. M. Wray, Hag.» ...| O 1863- 
tT TOM 20... seseereseceseeseccees 73 | H. Hurtley, Eag. ...| C 1859- 
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Yorueutrn, Norra Ripina (continued). 


Bernsley (Velkirk) beceeseaeees .. Rev.d.B.Graham .| 1842 imp. 
Blackstone Rdge| Todmorden] 
» (Whi Jeseees 1500 Manchester Memo 1839-40, 1845-47 
( »» Soc. gau.)| 1200 ” 1844-47 
» Toll Bar) ......... 1000 ” 1831-40, 1845-47 
” . Zau)} 1000 ” 1844-47 
Bolton SpotlamayOlitheros} Rev. T. Staniforth...; 1834 
Bradford (Mechanice’ Inst.) ..| 370 ©. Lund, Eag. ...... O 186a- 
n Chellow Dean) ...| 6 C. Gott, Haq. ......... C 1852— 
t n orton Hall) ... 496 Mr.G. Abbey ......|  1850-63- 
‘ ” inetd seseee W: Foster = Cc 186 5~ 
(Queensgate)......... 8 . M’ Landesboro 1863- 
| Dewsbury (Mirfield) Meresee 340 E.B e, ae 1863- 
| © | Don (Magdalens) ...... Mr. J. Howorth...... C 3864- 
deena ncneenateeseceeeees TTT 1853 imp 
” Cantley) .......... - o 6 J.W. Childers, Esq. 60~ 
" (owner? deceaceseecs * — Cooke, Haq. ...... 1852 
steeececeees oA ugh iis) wes LJ Gromley sal © 1863 
Halifax (Dean Clough Mills 7 , Haq. 1865- 
» (Hunter's Hill) lessese 1300 G.W.Stevenson,Kaq.| O 1852-61 T 
» (Midgeley Moor 1350 ” O 1856— 
» _(Ovendon Moor) ...| 1375 ” C 1852- 
» pponden, Blk. Hoy.)} ... Manchester Memoi 1832-40, 3845-47 
» ” ” see 1944-47 
" South Owram)...... 880 RFR. Richardson, Esq.} 1862- 
» Sowerby Bridge) ...| 268 Manchester Memoirs| 1828-40, 1845-47 
. Meloy Mooce | sive @.W'Btovenson‘itaq| © 1844.” 
" war OOF) ......] 1425 . W.Stevenson,Esq.} C 1853- 
t " ell Head) .........) 487 J. Waterhouse, Fag. | C 1829- 
t Coe Heerccensess® Peaences Dr. Bainbri sevens Oo 1861— 
Bil Reservoirs)| 800 J. F. Bateman, Faq 1859-60, 1862~ 
” (Boshaw Whams) 5° ” 1859, 1863- 
” olme Styes) ...... 50 1859-60, 1862- 
H eld (Longwood) ...| 600 OC. Hare, Haq. ...... © 1859- 
Ingleton (Chapheen seseee 410 A. Ce valkoe, Hag, C 1858 
) ceseveeceees 550 .T. , . 1852-63 
Keighley (Braithwaite) ...... 780 <A.Shackleton, Esq..) 1863- 
Leeds .....ccsccccsscenscsesesvee “a a3 1845 imp 
» (Berrowby) ............ ase . Lioyd, Esq. ...... 1772-81 
» (Eocup)..............00. 340.~—Cs XK“. Fillter, beeeees 1844- 
» (Harewood Bridge)... 108 H. Roberson, C 1864- 
» (Headi ) errs H.C 3820-37 
t ” Holbeek) PETTITT eT Tie ye 137 ry) 1842- 


Menaifron [Carnarvon] 


228 nEPoRT— 1865. 
Youzsainz, Weer Rapesc (confinued) 

a 
| Station. , Reve’ — Obeerver. =| = Period. 
—_——9_—_———— ; 

t | Leeds (Holbeck Manor Road) 95 . E Filliter, Eaq....... ' 38qg— | 
» (Leventhorpe Hall) ...:. go , J.T. Leather, Fag.  1855- 
t » (Phi hical Hall)...1. 137 1 H. Denny, Esq. C 1823-63 
» (Red Hall)............... : 452 | F. W. Stow, Eaq. C 1857-62 T 
» (Wind Bill) ............ ( 238 W. Peel, Eag. ...... 1 3862-62 
noccecteccnccnecescascescnese | 206 HL Thorns, Kag. ...; C 1860- 
» (Ben Rhydding) ...... oo . RC. Taylor, Keg. 1860-62 
» (Chevin) ..............-25- Xba Mr. Lawson ......... | C 1861-63 
» (Ilkley) .................. --- | Dr. Scott ............ , 86 5- 
Pentaton ...............0eceeeee- 717 | MS &€LR......... 1850-55 imp.,1859— 

» (Cations) od 2075 | ol neseeeee | _1i60- 

” Dunford Bridge)...| 954 wet eee es 1852-57 imp., 18 
Pontefract (Ackworth M 9 | a 

tOp)  .... eee eeencaccereeeees ... | J. Brown, Eeq. 
» ( » School) 135 | Mr. A. Wright ...... Pie ye - 
i -_ 
» ( 9 Villa). | 235 Lake Howard, Eaq. {© Eke T 
” (Ferrybridge) ...... © | ss eavees 1842-46 
id » (Kirk Seton) . * C. O. F. Cator, Eaq 1864- 
® | Bapon  .......c.. csseeeeeseeee . kland ...... C 1865- 

$9 dance sceveccecccenesoeores: F. W. Stow, Eag. C 1864- 
Rotherham— 

9 (West -Dearne)}} 186 | W.M. 1863-— 

n (West )  eeosee 172 | Rev.J. Boyd .........1 C 1861— 
Saddleworth (Station) ......... 640 | E. Greenwood, Eaqg.!  1853- 

” (Friesland)...... 540?! Rev. G. Venables C 1864- 

” (Standedge) ...| 1150 | E. Greenwood, Eaq. 1850- 
Sedbergh (Garsdale)............ eo | Mr. Blades ......... 1777-79 
Settle ........2..cccsccccsccccesscer 498 | J. Tatham, Eag....... C 1837- 

” (Coniston eecccerecaceces 750 | Rev. Ww. Boyd ...... 1853- 
" MT) .--cccesceecees vee J. 
Sheffield ...............08 esasene ... | W.J.Simmonite, Kaq 

” tacoma Park)...| 337 . Doncaster, Esq 1853- 

” Crookesmoorside) .| 600 » 1364- 

” (Doncaster Street) ..| 170 ” r864- 

” (The Edge) ......... 336 | M.S.A&LR.......... C 1860- 

” (Redmires) ......... tr0o_ «(| J. Gunson, Esq. C 1836- 

” (Station) ............ 138 | M.S.&4L. R.......... 18 5% as 5-57 imp. 

185 
Skipton ............sccevessceeeee 30 | RAS ick, Eag.; C 1863- 

»» (Woodlands) ......... * J. Heli Bon a ; 
Stansfield Hall [Todmorden].| s00 | J. Fielden, Eaq....... 1864- 
Stabbins [Todmorden] ...... 364 | Manchester Memoirs! 1825-40 
Tadcaster (Boston Spa) ...... 74 | ¥F.R.Carroll, Esq 1853- 
Thornton-in-Craven ......... 456 | T. Wilson; Eeq....... C 1863- 
Tickhill ..........cscccscsceeseees: 61 | Dr. Dixon............ 1859- 
Wakefield (Prison) ............ 115 | W.R. Milner, Esq. .| 1848— 

” The Heath) ...... .- | Nicholson’s Journal 1808-10 
t York (Bootham) .........:..... 50 | J. Ford, Esg.......... 1831- 
» (Coney Street)............ 40 | Mr. Sigsworth ...... C 1864- 
» (Museum) ............00 ... | Prof. Phillipe. 
99 Minster roof) eveeevces 9 
WALES. 
ANGLESEA. 
Beaumaris (Henllys) ......... 150 | Mies Hampton...... C 1864- 
Llandyfrydog ...............66- 92 H. Webster, Faq. ...| C 1860-63 
# Lianfairynghornwy ......,..0. ..» | I. Williams, Eaq. ...| C 1865— 


Rev.W.W.Williams| C 1865 
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BagckKNOCKSHIRE. 


esoees -o. | Mrs. G. Holford ... 
Hay (Pen-y-Maes) .......... os Capt. Brown.........1 1860- 
CAaRpicaNsHien. 

Aberystwith ...... Seasasceeesenes 1a | T. Paul, Eaq.......20.] O 1864- 

| *BA.| Cardigan .......... ee eccccccceens 18 FB. Osborne, Esq. | C 1864- 
” eeasscsscoes seeraccsceoe| ane iss Parry. 

Frongoch ........cscssssssseesees 855 | H. Thomas, Esq. ...; 1863- 
| Goginan ...... eonceescscvcvecces 290 ” ee.| 1 863~ 
, Lampeter .......s0.00 csesssseasse| 420 | Rev. J. Mathews ...) 1855- 

CaRMARTHENGHIRE. 
¢ ' Carmarthen .......... eoveccseess 70 | d. Rowlands, Eagq....| C 1864~- 
| | o-oo (Gaol)  .......000-. 78 | G. Stephens, Esq. ...| C 1863- 
BA: (Plas-cwrt-hyr)... 150 | W.E. Gwyn, Eog....| C 1864- 
Llandissillio (Rhydwen) ...... . 150 | H.8. Morgan, Esq..|  1859- 
# | Ldanelly.........seccocsesseeceeoee 20 | E. t, Eaq. ...... O 1864- 
to” (Oo idge Parade)... sesees ... | J. Jenkins, Req. | 1842 imp. 
* | » (Pont Amman) ......) ... | E.S. Morris, Esq. ...| O 1865- 
CaRNARVONSHIRE. - 
t Bangor oecceeceseeeccesecessseese: ros | Rev.J.H. Parvis...,| | 1861- 
t (Lianfairfechan) weeees 140 | R. Luck, Hag. ...... C 1864- 
» (Lianllechid) ......... -» | Rev.J. Evans ...... C 1865- 
tt | Beddgelert (Sygun).,........| 330 | Mr. 7. Searell ...... C 1864- 
+ | Bethesda (Brynderwen) ...... sco | J. Francis, Eaq....... O 1864- 
sf ” Penrhyn) ......... 1200 |: ” ; C 1864- 
2 | Bettwa-y-coed ..............006 go ‘| Rev. I. W. Griffith..| C 1864- 
(Minvie) ...... ... | Capt. W. D. Lowe... (1865) 
«| Camarvon (Plas Brereton)...| 85 | T. er, Kaq....... C 1864- 
Hendre ..........ccsseseeesceeeees go | F. Ball, Eeq.......... C 1864- 
* | Llanberis (Dinorwie Quarry). 850 | G. Ellis, Keq.......... C 1864- 
* ” Glyn Padarn) ...\ 377. | W. W. Craig, eq, ..| C 1864- 
t ” Roy. Vie. Hotel)...| 320 | Mr. Williame ...... O 1864- 
t Tae ie )  ceeccceecescens 200 | Rev.8.G.A.Williams| C 1864- 
' fni (Cilgwyn) ......... 500 | W. Ha , Raq. ..| C 1864- 
* Lsaystyndwy Talasros) so | Dr. Roberts ......... C 1864- 
+ | Fort Madoc .......... ceceseseres 3o | Capt. Mathew ......| C 1864- 
BA Pel beeeeecenee coetaseneres ... | J.T. Evans, Eoq. ...| C 1865- 
Sarn (Aberdaron)..........s000. 340 | Mr. Jones ...... doases C 1863- 
DENBIGHSHIRE. 
* | Denbigh (Plas Clough) ...... ... | J.H.8.Harrison,Esq.| C 1865- 
t | Llandudno 4 ouse)| 80 | Dr. Nicol ............ CO 1859- 
Wrexham (Gwersylit Hill)...| 350 | W-Laseell,Jun., Eeq.| C 1863- 
FLINTsHirse. 
t | Hawarden...............s0scce0- 260 | Dr. Moffatt ........., C 1850 
Holywell (Maes-y-dre) ...... 400 «| J. Williams, Esq....| 1858- 
Mold (Bryn Alyn) ............ ... | Rev. RB. B, Cooke ...| C 1865- 
» (Gwynsanny)............ ... | P. D. Cooke, Eag....| 1852 
Rhyl o.oo... cccccecseceneesneees ... | Mr. KE. Evans ......| C 1820-64 T 
* | ,, (Gas Works) ............ we " C 1865- 
GLAMORGANSHIRE. 
Cardiff ...........ceecscesseoeeees so | Dr. Vachell .........J 1863—- 
* | Cowbridge (The Ham) ...... 55 | G. W. Nicholl, Kaq.| O 1864- 
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GiamonaaNsHiRE (continued). 


OUSC) .....cccecsccccecees . W. wee oO 2863- 


ind Street) ...... coe | nee 1844-45 
» Harbo ur Office) ... - | C 1862- 
beseeeees 1852 
i Gralerrs seeeceeeeees 1852 
» Penifopar ) secceeees 
” Yniscedwyn) aeveee woe] 2852 
»  (Ystalyfera) ......... | Or852- 
9) tee ene eecesceccecccoees 1836-39 imp. 
99 Cees enecencarssveseeavecea ° 
# | Bala ............cccesecscecseeees p C 1865- 
*B.A.| ,, (Liandderfell) vee i -| O 1865~ 
Corwen (Rhug) ............... wes . . 
Dolgelley ... ..........cscesceee ves . C 1865- 
«B.A. ” tanelite i C 1864-5 
# ” O 1861-62 T 
# | Festiniog (Blaenyddol) O 1864- 
# Maontwrog (Cen. O 1864- 
* Talgarth 1 [Mach C 1864- 
OWYD. oo .ccccscscenensersceteaees C 1864- 
* | Trawafynedd.............cccccess C 1864- 
#B.A.| Berriew (Henllys) ............ vee illiams ......] C y864- 
Lignidloes (Broomcliff ) ...... ... | T. F. Roberts, Heq. .| C 1865- 
Machynlleth .............cccse00. wee v.30. Evans ..... C 386:-6a T 
PEMBROKESHIRE. 
Haverford Weat PererrTirrryey 60 E Pp. Phillips ovr 1849~ 
a UGOrran ...........sccsceceesees oes . D. vooesel C 1865— 
Pembroke Dock ..............: 30 | E. Chevalier, Huq,...| O 1869- 
#B.A.| Tenby (Caldy Island) ......... --- | Mr. Fletcher .........| O r865- 
RADNORSHIRE, 
“BA. Rhayets vee eonscceseceneeveces ..- | Capt. Haman ...... O 1865- 
Rha (Cefnfaes)............ | 880 | Mrs. Jones ....,2.0.1 O 2858- 
1847 
3843- 
3850-56 
1864- 
1858- 
1864- 
1848 
| O 1853-6: TF 
18a4- 
C 1822- 
1824-30 
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SCOTLAND. 
ABERDESNSHIRE. 
‘ 
Station. Observer. Period. 
| Aberdeen ......scc.cececsesee oes Aberdeen Herald 1842 
| tan cee nea sec eseeee sen ene T. D. Gray, Heq 1856~59 imp. 
” an Place) Rev. A. Beverley e 1864- 
9 ” ” 1864- 
” Gordon H Mr. Innes............ C 1837-41 
” (Grammar Rev. A. Reverley 1864- 
” ? »” 0 3864-— 
" Sarischall College)} ... fo eevee 1829-37 T 
" (North Broadford) Rev. A. Beverley ...| 1863 
” Kemhill) ......... Mr. W. Smith ......| O 1850-54, 1858 
t ” Rose Street) A. Oruickshank, Haq.) C 1860- 
e ” allfield) ......... Catto, Eaq. ...... CO 1864- 
Alford .......cccsccceceeevenseees Rev. J. Farg nj 1835-42 
»  (Balfluig) Dr. Gordon ......... 1843-48 
osvesevacesess J. W. Paterson, Esq.) O 1861- 
»  (Coldstone) ............ Mr. J. G. Michie ..| C 1863- 
B ose ceaceees - Mr. J. Aitken ......,  1856- 
Ellon (Castle) ........0..006 eee Mr. Howitt. 
yn (Till ). - Mr. W. Hay.......0. O 1861- 
Fraserburgh (Lonmay) Statistical unt 1832 imp. 
Huntly ssatecccncsscnccee] coe | wena 1821-29 imp. 
Inverury (a ) Rev. J. Davidson ...| C 1862- 
" may Manse Rev. G. Peter ...... 18037 
7, ” ” * 1604- 
Kinnaird Head...........0. Bd, of North. Lights} O 1813- 
; New Pitsligo........,....... Mr. D. Sturrock ...| C 1862- 
rake tei haem - Rev. J. Peter ...... 1863- 
occcccscenccecees eseseee seesee 1808—10 Imp. 
ess)... Bd. of North. Lights} C 1827- 
| Strathdon Castle silo Nowe) Mr. A. Walker...... C 1849- 
Tough (Tornaveen).......+.... W. N. Fraser, Esq... 1864- 
ARGYLLSHIRE. 
Ardnamurchan..............0++ $2? Bd. of North. Lights| O 1849- 
» Camusinas) ses A. Buchan, Eeq. . 1864- 
Campbelltown (Devaar) ...... 95 | Bd. of North. Lighta O 1854- 
uthend) .. | Statistical Account .| 1831 
Cantire. (Mull of) .. 79 | Ba. of North. Lights! O 1813- 
Dalmally (Bridge of Orehy). 500 |A.E. M*Dougall, Kaq. a 
” (Drishaig) ........ 250 ” 1862—- 
Dunoon (Castle Toward) 30 Mr. W. Milne ...... 1824- 
n (Hafton). seeaecascees 40 | Mr. D. Doig......... C 1853- 
» (Kirn, Bank)...} ... J. Richardson, Esq. .| C 1865- 
‘B.A, Fort William(RoseeParsonage)| ... } Rev. W. Simpaon...| C 1865- 
Inverary Castle .......... esses 30 | Mr. J. Cale ......... 1833, 1860— 
(Glenary) ............ goo | Statistical Account 1834, 1835 
Telay (Rhinne of )............06 74 | Bd. of North. Lights! C 1826- 
» (M*Arthur’s Head) ...| 106 ” C 1861- 
» (Bhu Vaal) ...........000. we ” O 1859- 
Jura Sound (Fladda) ......... 20 ” C 1860- 
Lismore (Monsedale) .. seosenees 37 ” C 1833-45, 1848- 
Loch Kil (Ardgour)... 60 | A. Maclean, Esq....) 1862-63 imp. 
beseeesceees 14 | Bd. of North. Lights; C 1860- 
Lochgilpheed I (Ballimore) ... | Statistical Account.) — 1833-40, 1842-55 
o Calton Mor) . 65 | Mr. J. Ruseell ...... C 1855- (imp. 
+9 Kilmartin) 64 | Mr. H. Gillies ...... 1861-62, 1864 
Kilmory)...... 100 | Sird. P, Orde, Bart.) 1835-37, 1849- 
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ARGYLLSHIRE (continued). 


Lochgilphead (Kilmory) ...... 100 


(Otterhouse) ... 130 Renkin ......... | O18 58- 
Lochgoilhead (Glen Croe) ...)  ... 1864 imp. 
Moile, The .........ssesesceees 320 . Bell, Esq.......... 1857-58 
Mull (Achnacroish)............ wee 1835-37 

” (Buneeesn) eeeescecsceceos . Maclean......... C 1865- 
#B.A.| , ” J. Campbell, Esaq....| (1865-) 
»» (Erray, Tobermory) 200 | — Robartson, aq. . | 1862— 
rs (Sorne).........ssececcsoees Mr. Pettigrew ...... 1862 
yy Sound Of ... cee... ececveee 12 | Bd. of North. Lights C 1858- 
» (Torosay Castle) ......... 18 | Mr. J. Pettigrew .. 1849- 
vy CU ha) ...... cece eceeeecnees eee F. W. Clark, Esq. 
Oban (Manor House) ......... to | Capt. Bedford ...... C 1855— 
Isle of Seil (Haseciale) vasesvene 25 . Whyte ......... C 1857-62 T 
Stuckendroin ..........00.c000 ass 1864— 
Tarbert (Stonefield)............ go 3847- 
Tiree (Hynish)............00.. wee 
AYRSHIRE. 
Ayr (Anchendrane House)... 94 | E. Cathcart, Esq. ...) C 1856— 
Gadgirth) ..........0008 150 | J. J. Burnett, Eq. . 1857-59 imp. 
9» (OS...) ...cceee cece sees rs errr er 1857 imp. 
Blair ........cececssceeeecesesneees 150 | Capt. Blair, R.N....| C 1863- 
Galeton Muir .......00....c008 nn errr 1832-3 
GPVAN oo... cccee ees ee esses eweees 15 | Mr. Paterson ...... C 1862- 
Irvine (Auchen’s House) ...|_ ... Mr. John Dunlop...| 1808—o9g, 1813-12 
Largs (Brisbane House) ...... 125 | Mr. Beveridge ...... 1844- {imp. 
(Mansfield)............... 30 | Dr. Campbell ...... 1842- 
Mauchline (Beechgrove) ...... 400 Major 4 Adair......... 1863— 
» (Catrine).......0.... eee 1830-36 
» (Sorne Manse) ...' 250 | as : 1830-36 
BANFFSHIRE. 
Banff (Literary Institution)... ... | Statistical Account | 1832 
” Btle .......... ccc esse eens 60 [| ——naaeee 1831-32 imp. 
Fochabors (Gordon Castle)... rn re 1799-1807 imp. 
» oe re ree 1828-41 
Maye en House .........ccecceece eas Gardener's Chronicle, 1847-43 
POrteOy ..0.....cscsescasecsesesens ... | J. Bissett, Esq. 
BERWICKSHIRE. 
Coldatream (MilneGraden)...| ... | Mr. Renwick ...... 1856-62 
Dunse (Abbey St. Bathans) ...}. 450 | Rev. J. Wallace ...| 1835-39 T 
»  (Mungos Walls) ...... 267 | Mr. J. Thomson ...| C 1857— 
Lauder (Thirleetane) ......... 558 | Mr. J. Whitton ...| | 1861- 
St. Abb’s Head ............... 211? Bd. of North. Lights} C 1862- 
Burs. 
Cumbrae (Milport) ............ so | J. Miller, Esg....... 1859- 
be eecesneees eee eoeees (1860-) 
Lamlach (Kilbride) ............)0 2 | 000 ceeee 1833-35 imp. 
GA oo. iecesccecseceeee scenes 55? Bd. of North. Lights; C 1813- 
Rotheeay (Cotton Mills) ...... ... | Sharp, Thompeon &| 1835, 1840, 
Co. 1860-61 
(Mount Stewart House)} 40 bosons 1803-45 
Carrungss. 


Dunnethead ...............s0000 | 39 3008 Bd. of North. Lights] C 1831—- 
Pentland Skerries ............[ 72? | 4, sesenseeeees C 1813-45, 1848- 
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Cartuness (continued). 


Period. 


| @BA. | Thurso .............cccessseeeoees wper ......... C 1865— 
» (Holburnhead) ...... 60? | Bd. of North. Lights} C 1862- 
decaccucsacncenenseecsesensens Statistical Account.) 1840 
| » (Noss Head) ............ 127? | Bd. of North. Lights| C 1849- 
| CLACKMANNANSHIRE. 
s, aeceeeee eves eT eR yo 67 pr. ren oeeeee | o 1856 r 
ottage 20 r. Bald ........... 1838-5 
Dilla Academy ot enececceenees 170 | Mr. Westwood...... C 1839-58, 1862— 
DUMBARTONSHIBE. 
| Dumbarton (Cardroas) ...... so | J. W. Burns, Bag... 1864- 
Gareloch (Row) .............-. 75 | G.8S.Thomson, Ksq.| 1857 imp. 
Kirkintilloch................--4.. es errr 1781-88 imp. 
Loch Lomond (Ardvoirlich I. )} so | A.E.McDougall,Esq. 1864 
9 9 9 wes ” 18 4 
” ” ad eee 9 1864 
9 »  (BallochCastle)) 91 | A.L.D.Brown,Esq.| 1862~ 
" » (Luss) ........ wee ae. M<‘Dougall, Eeq. 1864 
»  (Stuckgown) 100 |. vs t. Ainsworth ...| O 1863- 
Loch Long (Arddarroch 80 vite, Esq. ...... C 1848- 
» »  (Ardincaple)...... wes Lord Campbel eeenes 1832-34 
» » (A BP)... 6.208. 10 | A.E.M*Dougall,Esq.| 1862- 
DouMrrinssuire. 
tRA.| Annandale (Annan)............ | ... | Mr. Scott ............ C 1865- 
» (App Manze)..| 180 | Rev. W. Dunbar...| C 1829-51 T 
| » ( ” ool)... 224 |  —aeseee C 1854-55 
| » (Dalton) ............... rs eres C 1854-55 
| » (Dryfesdale,Lockerbie)} 296 [| =... C 1854-55 
> i utton Corrie Sch. | 680 | ss eaceee C 1854-55 
ohnstone Goodhope)! 374 C 1854-55 
»» (Kirkmichrel)......... 239 | ———_ seeaee C 1854-55 
» (Kirkpatrick juxta)...) 338 | Mr. RB. Little........ C 1854-59 
» (Loch Maben)......... T7T | sewn C 1854-55 
» (Moffat, Evan Water 
School) ............ 549 | tone ee C 1854-55 
” » Town) ...... 348 | cates C 1854-55 
” amphray) ......... 317 | eee ee C 1854-55 | 
Dumfries ...............00ceeeee. ... | Dr. Copland......... 1776~93 imp 
» (March Hill Cottage)} 70 | Mr. Hogg............ 1850— 
(Crichton eylum)... 182 | Dr. Gilchrist ..... 1860- 
Eskdale (Canobie School) ...| 140 ittle, Esq. ......| C 1855, 1860, 1862— 
»  (Carlesgill)............ 370 rrTtTTr 1844, 1846, 1848, 
1850, 1860, 186a- 
» » Hill To 1164 0 te eee 1856-60, 1862- 
» (Kekdalemuir) sevees 612 ys ees C 1855-60, 186a— 
»  (Ettrick Pen Top) ...| 2265 9 tee ee 1856-60, 1862— 
” ee) secceeecvnseccess 407 eee C 1855-60, 1862- 
»  (Langholm) ......... 270 9 twee —C 1855-60, 1862— 
1» gg wwe teens ... | Trans.Roy.Soc.Edin.| 1773-77 
» { Weeterkirk) sectacees 420 | J. Little, Esq .| C 1855-60, 1862— 
Kippoch ...........seeecsesseees on ere 1832 
Tid koedale (Whithaugh)...... 400 | J. Little, Keg. ...... 1864 
Nitheadale (Cloeeburn, Wal- 
D lace Hall) ...| 206 M Magiceh C 1855-59 - 
n rumlanrigg) ...... 386 r. M‘Intosh ...... 1856-62, 1864- 
” (arriedeess senseees 459 | Edinb. Phil. Journ.) C 1855-58 
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C 1855-59 
C 1855-59 
© 1855-59 
244 C 1855-59 
Penpont) 195 C 1855-58 
o (Sanguhar)............ 499 | ss caveee C 1855-58 
” n,Auchenbrack)} 629 [|  ___ ....... C 1855-59 
s ; anloekhead weeeee 1400 | Mr. Reid ............ C 1855-60 T 
” a ere 1330 | Mr. Dawson......... 1859- 
Epprsvren. 
oseees seveseeseeeeeeeseee| aes se 1804-9 
Calder (Cobbinshaw Loch)...| 863 Kaq..ceceeae. C 1850- 

»  (Colzium)............... ..- | Ed. Phil. Journal 1856, 1859-6: 
Colinton (Fernielaw) ......... 500 | J. Leslie, Kaq. ...... C 1850- 
Costorphine ............-cceeeees ... | A. Paterson, Esq 
Dalkeith (Park) ............+.. 183 | Mr. W. Thomson 1851+ 

EE TTTTECETTTTTTTT Tat iie occece 1773-77,1807-12, 
1822-24 
Edinburgh ............ssceee00 Medical Easays...... 1731-35 
9 Odo ervecccncecesnnes even 31792 imp. 
to tte weecccccrcsccseef cee ff sewn 1808 
99s tate eee tececeareencced cee fetes 1312 
ETTTTTITeTTT errr errr Capt. Kerr............ 1852 
” one mile from) ...| 20 | Dr. Playfair? .... 1785-95 
se Botanic Gardens)} 100 | Dr. Rutherford...... 179 
» (Canaan Cottage) | 246 | Mr. Adie ....0....0. 1795-1805, 1832-47 
»  saminteiatan ie 230 | J. Leslie, Esq. ...... 18 50- 
» ” 300 9 teens 1847- 
n wkhill) ......... .-» | Trans. Roy. Soc. Ed.| 1771-76 
” March Hall)...... 270 | A.K.Jobnstone,Esq., 1862-63 
” elson Monument)| ... [ ce aeees 1818-21, 1829 imp. 
” Observatory)...... wee evceee 1817-18 imp. 
” 0.8.0., No. 1 197 | Capt. O’Grady ...... 1854-58 T 
» » No. 2)...f 3986 rrTTr C 1858-6: T 
” (Prince’s Gardens)|_ ... Mr. Adie 1860-— 
” (Regent's Terrace) ” ; 
= Black Hills) ......... J. Leslie, Eeq., and} 1847-49 imp. 
” Spring) seeses A. y, Eaq. 1847 imp. 
Cape Law Hill)......| ... ” ” «| _1850-54 imp. 
Ay Clubbiedean)......... 760 ” » ooo] 1847-49 imp.,1364- 
§ Crawley Cottage)...;_ ... " » 1831-45 
2 Glencorse Cottage) 787 » " 1846— 
€; » . Wilters)...) ... » » oof 852-59 
” Island). . » ” wel = 3849-54 
law ) sesecennees 807 ” " eel C 1854 
Logan Lee) ......... 171 » ” «| 1847-49 imp. 
E (Swanston) ............ $55 9 ” | 18 ; 
<j \ (Torbray Hill) 2.0...) os " ” ese 1847-48 imp. 
Inchkeith ............sesssscecee- 182 ?} Bd. of North. Lights} C 1819- 
Musselburgh (Inveresk) ...... 60 | Mr. M‘Auslane....... 1837- 
Exar. 
Covesea Skerries ...........005 59 ?| Bd. of North. Lights! C 1846- 
re Leeeeaeeecesenss 28 | Dr. Geddes ......... 1856-61 

» ¢ VO) crcscsscscoeers 33 | W. Topp, Exsq....... 1862- 

” Caer inetitation) 38 | Mr. J. Martin ......| 1835-38, Cc 1862- 

» (Urquhart) ............... cee | wees 179$-97 imp. 

OFTOB ...cscescscecscnsccenses ose 53 | Mr. M‘Farlane ......[ G 1860- 
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. 1844 
a Saar a esusesseunel 95 . P acsessceel O 1856— 
D (Burnhead ) tes aanens 3836739 imp. 
I 


» J Road) 60 | BR. Adamson, Hag. 53- 
»  (Craigton) ............ 440 ” | 1850=— 
» (Crescent) ........0000 «» | Mr. Fairweather ...) 1790-95 
» (Hill Head)............ 500 | R. Adameon, Eeg....) 1836-41, 1844- 
» (Kinloch) ...........[°  .. | J. Leslie, Esq. ......| 1838 
» (Manse) .........4..008] 450 17 tee 1836-43 
» (Powder Magazine)...|  ... 3 twee 1837-40 
»»  (Seichem)..........0..5. 550 | R. Adamson, Hag....| 1336-41, 1844- 
» (Somerville Place)...| 240 | J. Kerr, Kaq.......... O 3856- 
» (Taybank) .......0.--] 50 | sevens 7836-45 imp. 
odoccceoenceseacceeceees eee eoeees 1836-3 
Kettins (Cupar Angus] ...... i 1856- 
PROBE 22.000... cerceccecnvens 1842-56 
» Asylum seseaccscees 1864- 
vs Bridge Street) ,..; 35 | D. Scott, Keg. ...... O 1864- 
” High Street) ...... C 1858- 
» Museum) aeoan 1857- 
” BAN) ...cocssseecees 1861- 
Happimeronsurs. 
Drem (Dirleten) ..............- ees . . 1847-52 imp. 
» (Fenton Barns)......... . Kaq. 1863- 
Dunbar (Thurston) seceeescsees . C 1840- 
Gifford (Yester) ...........008 18 56— 
(East Linton C 1856— 
9 (Millfield) ...... 1835- 
Prestonkirk (Smeaton) 1831- 
Easr Invannese-soine. 
Beauley etndee wn, eos 1860-63 
Fo Inverie House © 186s5- 
” Knoydant) C 1865- 
Inverness (Culloden House) 1855- 
% Gordonville) ...... 1865- 
” High School)...... C 3865- 
” al y) 1829-3! 
oc meecevece setenccecees 1841-43 
9° ) Conserv ceseve 8) 1865- 
Ro j urchus).. 9 . eee oO 1865- 
Loch Lochy (Clunes) ......... nee M‘Intyre| C 13865- 
Moy (Tamitin).................. ves . O 1865- 
Strath Hrrick (Farraline) ... |  1864- 
” (Migovie) ...... O 1865- 
Urquhart (Corrimony) ...... O 1863- 


é 
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#B.A. 


Eleva- | Obeerver. Period. 
Barrah 640? | Bd. of North. Lights} C 1833- [1863- 
Glen Quoich............csecceee. 700 «|: Mr. Ballingal seceee 1853-56, 1858-59, 
Harris (Island Glass) ......... 50? | Bd of North. Lights| OC 1813- 
Skye (Kyleakin) ............... 3? twee C 1857-— 
» (Orongay) ...........68-. 15? 1) ete C 1857- 
» (Portree Moss Bank) ... go. | T. Fraser, Eagq....... 1863 T 
” » Poor House).../ ... Mr. M‘Grigor ...... C 1865- 
» » Prison) ......... 60 | Mr. Grant............| O 1860— 
” »» Waternish Manse)} ... -| Rev. J. Lamont. 
sy (Raasay) .....cccecscoceees 80 | G. Rainey, Eag. ...| C 1851- 
»  (ROMR) ...c0cecnscseecesees 196? | Bd. of North. Lights C 1857- 
Shi ) coos vesneceeee ee Mr. McKenzie ...... 1864- 
N. Uist (Baleloch) ............ By 6| Rev. J. A. Macrae.. 1860-65 T 
Loch Maddy) | wsee.| 30 | C. Shaw, Esq. ...... C 1859— 
8. Uist (Ushenish) ....0....... 157? | Bd. of North. Lights! C 1857- 
KINCARDINESHIRE. 
Banchory House [ Aberdeen] 99 | A. Thomson, Esg....| 183 5-4 1855-57, 
. I 5 
Ternan (Strachan) {| 200 | Mr. McConnachie...| C 28 a 
Brechin (The Burn) ......... 237 | Col. M°Inroy ...... 1843- 
Fettercairn  .............cesecees woe Mr. A. OC. Cameron| OC 1362- 
” aati ae eteeee 450 | D. Scott, Haq. ......| OC 1858-63 T 
(Bogmuir) ......... 200 | R. Vallentine, Esq. 1860-— 
Girdlences [Aberdeen] vesceeeee 867 | Bd. of North. Lights] C 1833- 
Lawrencekirk ........... seeeces . ° D. Robie, Eag......., 1856 
KINB088-SHIRE, 
| Loch Leven ..........05 ceseeeee | ... | Mr. Farnie ......... | 1842-56, 1860- 
KIRKCUDBRIGHTSRIEE 
Cargen [Dumfries ..| 8&5 | P. Dudgeon, Eaq....| C 185 
Cars hele ries ae ve esesscensees one Mr. a a C 1865- 
Castle Douglas (Slogarie) ...| 300 | T. R. Bruce, Eag....| 1864- 
” » i" -.-| 800 yp tee tee 5864-— 
Dalbeattie .............0.seeceeee wee Mr. Grieve ......... C 1865- 
Kells (Kenmuir Castle °) eesaes rs rere (1832-38) 
Kirkcudbright (Little ) 40? | Bd. of North. Lights) C 1843- 


#B.A, 
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West Inverness-snire. 


New Galloway (Glenlee) ...| .... | W. Maxwell, Esq...) C 1865- 


” (Waterside) ...{ ... | P. Dalziel, aq seaves C 1865- 
LANARKSHIRE. 
Airdrie (Auchengray) ......... 650 | Dr. Rankin ......... C 1856-8 T 
(Hillen Hous). eseeee 620 | Mr. Thomson ...... C 1852-— 
Avondale (Gilmourton) .. 6co | Beardmore’s Hydro- 1845-47 
Douglas Castle .............0008 783 | Mr. Ruseell ......... C 1860— 
" (Uddington)...| 75 | Mr. Anderson ...... .1862- 
Glasgow ...ccccccsssccersccosees rs errr 1765, 1775-78, 1788, 
1795, 1805 imp. 
99 tenet ene stecececonees rs errr 1861 
» (Baillieston) sesceeeeel 230 | Mr. P. Jarvie ...... C 1856- 
” Cessnock Park) ... 34 | R. Hart, «teens 18 50— 
” Tbroxholm) ... 20 | Messrs. er 1846—so, 1854-60 
” Macfarlane's Obe. *) 80 | wanes C 1801-37 
» (Observatory) . aco | Prof. Grant ......... 1856-62, 1864 
»  —- (O.. 8. O.) «nace ee eens 166 | Major Bayly ...... C 1855-62 T 


99 (Park) ccscccceseeeee: ... | Messrs. Gardner . 1843-53 
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LANARKSHIRE (continued). 
: Eleva- 
Station. tion. Observer 
Hamilton (Auchinraith)...... 150 || R. Ker, . 
»  ( 49 — ) eeseoef ss | D. Alston, Esq....... 1833-46 
| », (Bothwell Castle) | 147 | Mr. Turnbull ...... 1807-21, 1844 
JOrviston ...........0..csesseenes rs Terre 1830 imp. 
Lead Hills ............scccceeee 1280 | a aeene 18 13-20 imp. 
| LInLITHEOW. 
: | New Liston .........c00s.ces008 .| 165 | Mr. Gibson ......... | 1857-59 
Tre Orkneys. 
Hoy (Cantick Head) .... .. | Bd. of North. Lights| C 1858- 
» (Graemsay, High, EB)... 27 9 twee OC 1851- 
ry] 9 iW, w, W.) eee coe ” wecens 0 1851- 
seeseseeesseees ss | J. G. Heddle, Eaq. | 1863- 
aBA. Pomona (Holme Manse)...... .. | Rev. O. Scott ......) O 1865—-- 
"9 Inganess Cottage) | 190 | Dr. Baikie............ C 1860-61 T 
t » Kirkwall)............ 8 | Mr. J. G. Iverach | O 1862- 
t »  (Sandwick Lawn)...| 78 | Rev. C. Clouston ...| 1840- 
t ” » North Park)| 94 wees 1862- 
N. Ronaldsay ...............00 21 | Bd. of North. Lights) C 1854- 
+B.A.| Papa Westray .................. we =| — Traill, Eeq. ......| C 1865- 
Sanda (Start Point)............ 29 | Bd. of North. Lights) C 1814-21, 1823- 
Shapinsa (Balfour Castle) .. 50 | D. Balfour, Eag. ...| C 1856— 
Orkmeya 20.2... ec esseoeceeeee vee eeeeee 1813 imp. 
PEEBLES 
Peebles OOBccoeseronnascreneseeeease ove accesses 1765-79 
» (Btobo Castle)......... 600 | Mr. Anderson 18 §7°59 186 1-62 
Pennycuick (North Eek Res.)| 1150 | Mr. Garnock ...... C 1850- 
PERTHSHIRE. 
Aberfeldy (Black Hill) ...... 823 | J.8. Hepburn, Keg.) C 1863~- 
| " Bolfracks) ......... 350 | Mr. Wylie............ 1861- 
” (Taymouth)......... 370 | Mr. Murray ......... O 1861- 
Annat Cottage Cottage | Dundee] secees 170 | Mr. Gorrie ......... C 1846-57 T 
Auchterarder House ......... 172 | Lieut.-Col. Hunter | O 1860- 
” (Colquhalzie) . 100 | J. 8. Hepburn, Esq.) = 1857- 
Ciridity Gask) ... 133. | Mr. Wylie............ C 1856— 
Blairgowrie (Rosemount) ...| 300 | Mr. Gibb ............,  1863- 
(Clunie Manse) ... | Rev. W. Macritchie 1834-36-— 
Callander ee lairhoyle) ...... ... | Mr. Munro ......... C 1862- 
” & nrick Castle)...| 150 | A. Glover, Kaq....... 1853-62, 1864- 
wo ———« CLANY) 2. ne eecenceeee 345 | J.B. Hamilton, 1852-55, 1860— 
Crieff anil deaveceeceneees 247 | Rev. A.J. T. Morris} C 1863- 
bo teececcensseseecceccooses ... | Mr, M‘Owen. 
Doune (Deanston) ............ 130 | J. Finlay, Eag. ...... C 1837- 
» _ (Gartincaber) ......... ... | J.B, Murdoch, Esq.) 1853-60 
Dunblane (Kippenross) ...... 100 | J. Stirling, Esq. ...| 1852- 
LochEarnHead( Balquhidder) re ree 1846-47 T 
(Stronvar) . 463 | D. Carnegie, Esq.... 3853-54, 1859- 
Loch Katrine (Aberfoyle) .. 60 | J. M. Gale, Esg. ...! O 1853- 
» Bridge of Earn)|... - ...| 1855 imp. 
9 Turk) 270 ” C 1853- 
(Glen Finlas) ...| 1800 i vse] © 1853-55, 1857- 


| 
| 
1 See also Dumfriesshire, Wanlockhead. 


SCECOHRSEHRECSHESTCHTESRSESOSHHEES 


1789-95, 1799 


secseccecenseccees 1852- 38 56— 
» Karly Bank) waeveccecees C reg ee” 5 
» (Ki ) eee CO 1817-25 
” » Castle)...... 1835-30, 1832-43 
” f »  Tower)...... 1815-30, 1832-42 
» (Methven) ............... 1830-36 imp. 
»» (Rose Bank) ............ | © 1812-16 T 
»» (Scone Palace) ......... 1860- 
St. Fi (Dunira) 
tanley .............cssccveceees es 4 O 1833- 
Tyndrum (56°24'N., 4°42’ W.) 1857-62 imp. 
RENFREWSHIRE. 
Eaglesham (Cross Keys)...... 600 | J. Arneil, Esq 1864- 
tRovock seeeeeees 7oo | Mr. Soott ............ 1862, 1864— 
Gorbals (Black Loch) .........). 700 | J. M. Gale, Kaq 1854-58, 386:- 
mat Linn} eo eeeeees 550 is 1854- 
Ls Linn) ......... 310 ” 1854-58, 1860-— 
»  (Waulk Glen) ...... a8o * 1854-58, 1860— 
19st ee cee cen eesecesscece ” I Oo, 1862 
Grreenook .............scceseeees aa eseaee ao 5 
19 teen ee neeecnsaseeseecens zo | Capt. M‘Kellan...... I 
” telle) ......... on rrr 1847-55 
” Hamilton Street) so | J. Gardner, Hag 1853- 
” TY) wccccsess 120 e 1820-38 
m » Garden} ... |... 1836-37 imp. 
” we W.works I ri P. Morison, Eeq. 1864-— 
” ” . 9 1864- 
” ” II. Qo ” "86h 
” ” IV.)} 540 ” 1864- 
” ” Everton 472 ” * 
” » Meanof 5 ses ” 1835-39, 1842— 
Johnstone (Castle Semple) 180 | D. Robie, Keg. ... 1829-35 5S 
” (Kilbarchan) ...... 350 ” 1860— 
Cb seceneccceneccocesssesens eas aesees 1831 
” (One soveccecesececs| cee | eaeeee 1831-52 
» (Old Gauge) .... ff eee 1831 
DO eeecscececsecersnccerecf cee |e eee ee 1831 183 5— 
Lochwinnoch (Lochside Ho.) J. C. Burns, Eag. ...| © 18és— >> 35°37 
Palen (Nither Place) ...... 350 | W. Mather, 1841-50, 1860- 
» (Back Thornly Muir) | 693 | Statistical Account 1836 imp. 
” (pone Park) ......... 379 | ceneee I 50 imp. 
» (FF lie House) 85 | Mr. Stewart ......... 185 
» (Loc ssceeeene ... | Mr. Hardie ......... 1861-62 
n (Nether Craigs) ...... 160 | Statistical Account | C 1834-36 
» (Orr Square) .......:. 62 1836 imp. 
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Roee-sntaz, Eagr. 


Observer. | Period. 


Mrs. Matheson ...... 1862- 
Bd. of North. Lighta| O 1846- 
Statistical Account | 03 + ha 


O; 
Bd. of North. Lights C 1830-56, 1861- 
Ross-suire, Wssr. 


| *BA.| Appleorogs  ...........cssceeeees go | Dr. Haynes ......... C 186 os 
Lewis (Bernera) ..........0.0.. 15 | Mr. Matheson ...... Cr 
mt) Butt of) acc cceesecccese ete Bd. of North. Lights C sey 
n (Galaon)...........-see00 65 Rev. J. Gunn ...... 1856-58 imp. 
» (Stornoway) ............ 31 | Bd. of North. Lights! O 1859— 
n is Castle) ......... 70 | SirJ.Matheson,Bart. 1853- 
” ig Lodge) ............ . | Mr. J. M‘Kay. 
B.A.| Loch Broom..................065 30?; Mr. M‘Leary......... C 1865- 
+ » Duich (shiel How Ho.)} 100 | Mrs. Matheson ...... C 1864- 
n »  (Shiel House)...| 30 | A-EE.M‘Dongall,Esg.; 1860 
RoxBuRGHSHIRE. 
Hawick (Borthwick Bree) .. 8co | A. E. Lockhart, Heq.} O 1860- 
” rantholm) .. ... | Trans.Roy.Soc.Hdin.| 1773-83 
alnash) .........00 800? | Mr. Turnbull 186a- 
»  (Goldielands)......... 505 | Dr. Elliot ............ 1862- 
i ton) ees ..| ~.- | Mr. Welsh 1862- 
lon WW) ceececeecees 570 | Mr. Oliver 1862- 
| ” Linton) SOCocecca ooo Mr. Barton 1863- 
# | ” L Ww woseoccer 387 Mr. Nixon eee 1862— 
ty, ow onslaws) ............ .. | Mr. Cockburn 1862- 
Teal (Sillerbit ee sevees wee Mr. Eder . G 1865- 
iburgh ( unnyside) ......... 33 G. Hilson, Jun., Keg.) C 1364- 
a ncaecsescscnsecteaseseecsecace 1 3 Tweedside Nat. Clu 1840-43 
pring Park) ...| 130 | SirG.Douglas, Bart; 1864- 
ee cencecccccecceccoes 13 | Mr. H 1855-59 


2 . 
” "Garden, 64 ft.)....1 171 | Trans.Roy.Soc.Edin. oer 


» (Greenhouse, 18 f.) 192 

es . O rae 1847-53 
” Blagden Cur). vl 2783 Tweedside Nat. Club] 1842-44 
- (Grange of Hownam)| 367 | Trans.Roy.Soc.Edin.| 1840-43 imp. 


(Sunlawshill) ...... : 1862-63 
Yetholm (Mowhaugh)......... 612 | Mr. Carter 1863-— 
SELKIRKSHIRE. 
Bowhill ...............sseseesseees | 597 | Mr. Mathieson ...... 1856— 
Roberton (Wool) ..............- ..» | Trans.Roy.8oc.Edin.| 1773-76 
Tux Saer.anps. . 
Breesay (Lighthouse) ......... 72 | Bd. of North. li C 1859- 
»  (Manae) .............. 12 | Rev. Z. M. Hamilton or 
Kast Yell ............cecceececees 176 | Mr. Mathewoon...... Cr 
Sumburghead ...............4.- 265 | Bd. of North. Lights! C i8oa ay 1826— 


STIRLINGSHIRE. 


Ben Lomond ............0000s- | *Bee J. M. Gale, Haq. .| O 1853- 
Drymen °° | Ber «| 1899-37 
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STIRLINGSHIRE (continued). 


Station. on, . Period. 


_* Hills (Source of the 


drick) 1853-55 T 


¥863- 
( 1849-54, 1856-59 
Monteith (Cardross) we 1860-— “fe 
Polmont eee (1821-37) 
1858-6o 
1852- 
O 1815- 
.| C 186a~ 
SuTukRLANDSHIRE. 
Wrath .......eeeeeeeees 355 | Bd. of North. Lights} C 1829- 
Golspie (Dunrobin Castle) .. 6 | Mr. Mitchell......... C 1860- 
#B.A.| Helmsdale..................ccc00- 34 | Mr. Campbell C 1865- 
Lairg (nvershin) Se neeeeeeeeeens 20 | Mr. Young............ 1863- 
SCOUPIC .........scecescecseseeeees 20 | J. Simpson, Esq. ...| C 1856-61,38621mp. 
Tongue House .......0..cccecee. 33 | J. Crawford, Eaq....) C 1856— | 
WIGTONSHIRE. 
Corsewall ..........c0ccsceeseeees 22 | Bd. of North. Lighte! C 1816— 
Mull of Galloway............... , ” | C 1832- 
Stranraer (Castle Kennedy)... ... | Mr. Burnett ......... | 1837 
: ” South Cairn) ...... 209 . Mr. Kennedy......... C 1859- 
+B.A. | Wigton (North Balfern) ...... . |W. MacLelland ,Esq.' C 1865- 
IRELAND. 
ANTRIM. 
#B.A. |] Antrim ...............ccsccecewers 150 | Rev. J. H.Orr....... C 1864— 
Belfast (Harbour Office) ...... 47 | O. Shaw, Esq. ...... 1863- 
t Linen Hall Mr. Stev C 1796-99 T 
» (Linen Hall)............) 32 r. ens ...... C1812—32imp.1835- 
t » (Queen’s College)...... 58 | Mr. Bell............... 1851-— 
ARMAGH. 
| Armagh Observatory ......... | 247 | Rev. Dr. Robinson .| 1836— 
Cavan. 
#B.A. | Bawnboy (Owendoon)......... | 218 |G.H.L’Estrange,Esq.| C 1364- 
« | Belturbet (Redhills) seeceeeenees | Rev.E.B.W.Venables| C 1864- 
Cavan .ecsscccsserescseces eeeseee | 230 | d. Price, Eaq.......... C 1863- 
CLARE. 
#BiA. | Ennis..............cccccccscevesees | 35 | Rev. 8. L. Breakey | C 1864- 
Killaloe ..............sssssesesosee, 128° | Rev. C. Mayne......| C 1846— 
n (5in. + ground) ......! 123 ” eoscee] $86 1-63 
Cork. 
! Cork ranean cosee] cee | Dr. Scott: ......cccee 1844-42 imp, 
» (Queen's Col ege) secees 65 | Prof. England ...... 1862— 
» (Royal Institution)...... 80 | R. Caulfield, Eaq..../1838, 1851-52, 1860- 
#B.A.) Daunmanway ..........0...080c0: «- | Mr. Donovan......... C 1865- 


Fermoy ....... bescvonens eaeeceanee .. | Mr, Campbell. 
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r= 2 
DowEaGat. * 
> —— «7% 
‘“ Eleva- 
* Station. rs rt. Observer. ] . 
{} | 


' Milled wid tee ra | Ha Rev. H. Kingsmill... re 1864— 
Milford .. waited sigs Spades = Rey. A. Delap ......| C 1r864— 


Castle... Ard) sles "7d: Beauclerk, Esq. 
idge (Milltown) .. 200 | J. Smith, jun., Esq.| O 1861- 
" ( " 40 ft. ta 240 ” nes 1864- 

(Bann os te a 440 bd ...| O 1861— 
Downpatrick (Seaford) ... 208 stehae 1863-— 
Holywood (Green Mount) .. we | G. W. Kyle, Esq. .../(C 1865-) 

Lurgan (Waringstown) ......| 190 | T. Waring, Esq. ...| O 1861- 
Dustin. 

Dublin ... : aba A. Semple, Esq...... 182 
. (Black Rock) . 95 T Bewl, he, sina ie 

| » (Broadstone Station) 95 | Jd. Sune Tate C 1863- 
» (Cavendish Row)... a Dr. Kirwan ......... 1791-1808 
»  (Clonsilla) ............ 220 | J. Price, Haq..........) C 1363- 
» (College of orgeons) an (ear ‘ 1839-44 
»  (Glasnevin) ........... 66 | D. Moore, Eaq.......)  1860- 
» (Monkstown) .........) roo | A. Pim, Esq..........) C 1859- 
ek wy goft.) ...) 140 is seesseeee| C 1B64— 
io ft.) ...| 200 | = cecweeeee) CO 1861— 
w (Phoenix Park) vee} 166  |Capt. Wilkinson, R.E.) C 1847-52 T 
‘9 pee: eee C 1853-55, 1861- 
" (Trinity College)... rt 42 | Rev. Prof. Galbraith! © 843-80, 1863- 
. Yours Lodge) ......; 89 | 5. Yeates, sat te | 1843-60, 186a- 
BE) \Mbsatseviemskeaphinetne! fiae 1) atenes 1335-99 Imp. 

FEeMAn acu. 


| Enniskillen pee ane) yoo 


Earl of Enniskillen |1844-45, 1854, 1856- 


Gatway. 
(Galway ...eeccreccceceeee] 40 | J. Price, Esq. ......| © 1863- 
» (Drainage Office) ..., 40 | G.H. D'Arcy, Keq. 1852-60 
n (Prospect) .........08. sins 1838 imp 
(Queen’s College) . 25 | Prof. Curtis ......... C 1861- 
Gort (Creg Park)..............., 130 | R.J. Lattey, Esq....| C 1864— 
4 Outerard (Innishambo) ...... ... | dD’ Arcy, Eaq......., © 1864- 
Kerrey. 
| Killarney .........c0000.+ ceccsee fos. | Mr. Spillane......... e mes: 
wi eye covets codectsecees ins Siew 1505- 
| Knights Town (Valentia).. sees | go | The Knightof Kerry! 1386:1- 
KILKENNY. 
ache (Woodford)......... ... | Rt Hon.W.F. Tighe| O 1865- 
sudesahesouiesiaseucWewens 200 | Messra.Duffy&Boyd|  1863- 
” (Gowran Castle)... .... | Rt-Hon.LordClifden| C 1865- 
A] Soneyford (Inisnag) ......... Rev. J. Graves ......| © 1865- 
Kina’s County. 
Cangort Park [Roecrea bean 340 | H. B. Trench, Eaq. | C 1863- 
i hie (Bi Gaal - geo | Earl of Rosse ...... 1862— 
ade scarce eo ueeetaeaseue: 235 | H.J.B. Kane, Esq.) 1850- 
Limericx. . 
lo Limerick ...........cesseesseoee ... | Rev. C. Mayne ...... 1861 
(Blackwater)... Bae 92 | S. Caswell, Heq....... C 1864- 


1865, sis , : : 
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neesscese H. BR. Morrison,Kaq| O 1864- 
seessscees aereceee sooeee 1797-1800 3 imp. 


0 7860 
Lonarorp. 
Dramoashel ............secesseee el eae: 5) ¢ 
Edgeworthstown ........0..000 oes ° 8, ro 
| ms ues | woe «=| Mra. ee 138 63" 
Longford (Viewmount) ...... «+ | M.W.O’Connor,Eaq.| C 1864~- 
Maro 
Castlebar ....ccc..cescerseceevees 130 | J. Price, Kaq. ...... C 1863- 
| eteeeacccceecersececcesceoeees | . |GaHD , Kaq. 1852-56, 1860 
» (Ashford Court) ......... ..» | — Guiness, . 
Muar 
| Moynalty PTE TITTT TT TT cecaceccese| eee | J. D. Fanell, Keg. | (C 3861-) 
Queun’s County. 
| Portarlington ..... seecceccceces | 236 | M. Hanlon, Keg. ...| C 1844- 
Boscommon. 
#B.A.| Holywell ......... eseccsveeecses-] oe. | HL. Smyth, Eag....... | C 1864- 
Sido. 
B.A. Bunninadden (Doo Castle)...) .... | Mr. O'Dowd......... C 1864- 
coney (Markree) seeeeeees 145 | Mr. Smith............ CO 1833- 
ig WOOK) ...... 00000. 4§ | Rte Hon.J.Wynne...| C 1863- 
Railway Station) ...... so | d. Price, Eag. ...... C 1863- 
TIPPERARY. 
#B.A.| Borrisoleigh (Ballin! ... | Mr. Kearns ......... © 1865- 
Cashel Ballywalter si] goo? L. Cast, Ex | C 1867 
# | Tipperary (Ballytristreen) . J. Bolton, Kaq. ...,..| OC 3865- 
»  (Cordaggan House 300? L. Cust, Eaq.........- C 1864- 
Tyrrorn. 
| Strabane (Leckpatriok) ......]| 260 | Rev. J.C. Maxwell C 186:- 
Warerrorp. 
Waterford (Newtown Schacl)} 60 | Mr. Greer............ 1840-49, 1853, 1860- 
| ” t ortlaw. oenseces | Mr. Free .......000.. | 1841- 
” Jee} 340 | sree 1859- 
~ 'Wrerwnara. 
| Athloine ............cccrescee seeee.| 150 | J. Price, Eaq. eocens ] C 3363- 
Wrxrorp. 
aB.A. |W Gorey (Courtown) cecccscceses| cee | Earl of Courtown...| C 1864— 
ooeenseesecssececceecess 85 | J.D. Farrell, Keq...| 1863- 
» (Reclaimed Lands) : | C. M. Palliser, Keg.{  1863- 
Wicarow. 


| Bray (Fassaroe) ...,,...:..,004 250 | KE. Barrington, Keq.| G 1853~ . 
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On the Strength of Materials considered in relation to the Construction 
of Iron Ships. By Wiiram Farrsairn, LL.D., F.R.S., &c., and 
Tuomas Tats, Esq.*. 


L. Ix the following investigation if will be assumed that, under the action of 
qual forces, the extension of the fibres of a beam will be equal in amount to 
fer compression, and that the amount of the extension or compression, as 
be case may be, is proportional to the magnitude of the force producing it; 
din order to render this hypothesis more fully in accordance with the fact 
dat the ultimate resistances of the two forces of compression and extension 
34 beam are in almost all cases different, it will be furthor assumed that the 
uterial reaches its ultimate limit of resistance to the one force before it 
~aches its ultimate limit of resistance to the other force. 


Secrton [. 
is the Qualities of Iron best adapted for Iron Ships, especially Ships of War. 
2. The work expended in the elongation or compression of a bar is equal 
done-half the force multiplied by the corresponding elongation. Moreover, 


bars of the same material, the work varies as the solid content of the bar ; 
rat 38, 


sere Us the work of elongation, K= the section of the bar in square 
“hes, Le= its length in feet, and «a constant for each class of material, 
tg the work done upon a bar | foot long and 1 square inch in section. 


nee 
U Pl 
oe? ee 2 
usr 4 mo (2) 

‘hich determines the value of « from experimental data for different kinds 

{ material, where P is the strain in Ibs., and J is the extension of the bar 
_ treeponding to this strain. 
| 3. The value of u, determined for different kinds of material, gives us a 
' "uparative measure of their powers of resistance to a strain of the nature of 

Zpact, or of dynamic effect; hence the coefficient « may be called the 
- tdulus of dynamic resistance, or, a8 Tredgold named it, the modulus of resi- 
“we. It is presumed that the best kind of iron for resisting the impact of 
tt or shell is that whose modulus of dynamic effect is greatest. 

1, The values of wu, determined by Mr. Fairbairn’s experiments for different 
lites or bars of iron, show that the dynamic resistance of thick plates to 
“dlure is about twice and a half that of thin ones, that the resistance of 
| ~“k steel plates is about one-tenth greater than that of the Low Moor iron 
'-e A, and that the resistance of these latter plates is one-half greater than 

-tof the rolled plates D. 

». Similarly the work expended in the deflection of a bar supported at its 
. ttremities, by a force applied at its centre, is equal to one-half the pressure 
nultiplied by the corresponding deflection ; and, moreover, we also have 


UsukK], 2... ccc cece eee eres (3) 


there u, the modulus of dynamic resistance, being constant for the same kind 
juterial, gives us a comparative measure of the resistance of different kinds 
1 milenal to a force of impact tending to produce transverse rupture. 
._ 10 this inquiry Mr. Tate has deduced useful formule from Mr. Fairbairn’s experi- 
's~independent of other researches—on the strength of iron ships. 9 
g 


| 
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Secrron IT. 
Transverse Strains produced on a Ship under various conditions. 


6. The value of M, or the strain tending to rupture a beam, depends ( 
the magnitude and the relative position of the pressures applied to the bea! 
When the pressure W is applied at the middle of the beam A B, support 


at its extremities (fig. 1), the pressure Fig. 1. 

on the support at A is equal to; and ——— 
{ 

the moment M, of this pressure tend- “~ Q Ow 


ing to rupture the beam at any point, 
Q, is equal to the product of the pressure ¥ by its leverage AQ; that is, 


Now this will become a maximum when AQ=AC;; that is, the greate 
strain will take place at the centre of the beam, or at the point where tt 
weight is applied. 

7. A beam AB, fixed at the extremity B, is acted upon by a series of ve 
tical pressures, P,, Py sos 2s P,» Whose distances from B are respective! 
G1, 4,,.++--@,. To find the value of M. 

Here the greatest strain must take place at B; 

*. M=p,a,+....-+p,¢,=(p,+..... pa) GB), .....--2 eee (Z 
where GB is the distance of the centre of gravity of all the pressures fro! 
the point of support B. : 

8. A beam AB, supported at.its extremities, is acted upon by a series ¢ 
pressures on each side of the central pressures p,, p,, p,, applied at the poin' 
E,F,H. To find the great- . 
est value of M. Fig. 2. 

Let p, be the resultant of 
the pressures applied be- a 
tween A and E, and p, the 
resultant of those applied | 
between B and H. Py Y, | 

By the principle of the equality of moments, we get 


P= 75 (Px DB+p, x EB+p, x FB+p, x HB+p, x IB) 


= (p+. eee +p) OB=VXUP, eoeeseesee ee eeee (4 
which gives the pressure on the prop A, where W is put for the sum of th 
pressures, and G is their centre of gravity. | 

Supposing Q, lying between the pressures p, and p,, to be the point corre 
sponding to the greatest strain, or, in fact, the point where rupture woul 
take place in a beam of uniform dimensions. 

Now when the lever AQ turns on Q as a centre, we get 

M=P, x AQ— ( x DQ+p, x EQ) 
AQ =( iP, —P,) AQ+ ,xAD+p, x AE | 
=10 { WxGB—AB(p,+,) +p, AD+p, AB ........ (7 


by substituting the value of P, given in equation (6). 
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Substituting the value of W x GB given in equation (6), and putting g, for 
the distance of the centre of gravity of p,, p, from A, and g, for that of p,, »,, 
p, from B, we get 


A 
Mai? { (P,+P.+Ps)Is—(PitP)I } HPAP) Ope eee re eens (8) 
By inierchanging the symbols of this expression, the moment taken in re- 
ferenee to the pressure P, will be 
BQ . | 
M=75 { (P, +P) I:—Pr +p.+p.)9, } FPAPLAP Ie +++: (9) 


This expression may be shown to be identical with the former by putting 
41 B—AQ for BQ. . 
Similarly, supposing the point Q to lie between F and H, we get 


A 
Mmap { WxGB—AB(o,+2,+p) } +p, x AD-tp,x AB +p, x AF (10) 


Now, if the quantity within the brackets of equation (7) is positive, while 
hat of equation (10) is negative, the value of M expressed by equation (7) 
vill increase with AQ, attaining a maximum at F; on the other hand, the 
"alue of M expressed by equation (10) will increase as AQ is decreased, at- 
aining a maximum at F; hence it follows that the point F under these con- 
Stions will undergo the greatest strain, and equation (7) will express the 
raximum value of M by substituting AF for AQ, the test for the point F 
f greatest strain being as follows :-— 


W x GB—AB (p, +p,)= positive... .. ccc cece cece ee ee eens (P) 
W x GB— AB (p,+p,+p,)==negative....... cc eee e ee aees (N) 


—Let AB=40, p, = 86, p= 10, p,=20, p,==8, p,=6 tons, DB= 

12, EB=25, FB=22, HB=12,1Ba:4. Then from (P) and (N) we find that 

F is the point of greatest strain, and from equation (7) we find M, the greatest | 

moment tending to rupture the beam, to be 361 nearly. 
9. When W x GB=AB (p,+p,), or (p,+2.+Ps) 92=(P: +Ps) Iv &- (4) 


becomes 
Mzp, x AD+p, x AEB. ..... ccc eee c cece cece ceeees (11) 


Now as this expression is independent of AQ, it follows that the value of M 
w the same for all points lying between E Fig. 3. 
and F. This remarkable result may be rea- Q 
dily verified by observing that in this case A B F B 
P, =P, +p, 
When there are only two pressures, p,, p,, pn On 
applied to the beam—that is, when p,=p,= 
p,=0 (see fig. 3), then equation (8) becomes " 
Mai? (p, x BF—p, x AE) +p, Xx AE. ... cece essceccececes (12) 
If p, x BF>p, x AE, then M becomes 4 maximum at F; that is, AQ=AF. 
When p, x BF=p, x AE, then this expression becomes 
M=p, x AE, orp, xX BF, ...ceeseeecseccecseees (18) 
which, being independent of AQ, shows that the moment is constant for all 
pants lying between E and F. ; . 
10. When a ship has its load unequally distributed throughout its length, 
to find the point of maximum strain, &c., the ship being supported at the 
extremities A and B, 
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Suppose the ship to be uniformly loaded over the parts AK, KE, &c., 
and let p,, p,, &c. be the loads over these parts respectively. Put 7=AB; 
k,=AE; k=EF; k,=FB; a=CB, the centre of gravity of EF being at C; 
w,= the weight of the mass over AE, g,= the distance of its centre of gra- 
vity from A; w,= the weight of the mass over FB, g,= the distance of its 
centre of gravity from A; 2p,= the weight of the mass over EF ; 2= AQ, the 
greatest strain being supposed at Q; then 


P=; { w, (l—g,) + 2p, 4+, g, } ence cee ce were ceccc ence (1) 
M=P, x AQ—w, (AQ—g,)—“P2 x (AQ—AE)x} AQ—AE) 


=P a—w, (e#—9,) Ss CES 2) ee (2) 
“. a (a—k,)=0, when Misa max. ; 
*. em 5 { k (P,—w,)+2h,p, } ett ccwes Levee cceeee -. (3) 


3 
Substituting the value of P, given in equation (1), this expression de- 
- termines the point Q of greatest strain; and substituting the values of 
P, and x, here found, in equation (2), the maximum value of M will be 
determined. 


(1) Ifw,g,=w.g,,and k=kak,=5, then from equation (1) we get 
P.=w,+D, 

which, substituted in equation (3), gives we; that is, the point of greatest 
strain is at the centre. 

Again, substituting these values in equation (2), we get 

ee Re ot (4) 

(2) If 2p,=0, and w.g,.=w,g,, then P=w,, and M=w,g,, which ex- 
presses the moment tending to rupture all points lying between KE and F. 

11. Suppose the length of the ship to be divided into six equal spaces, 
AK, KE, EC, CF, FI, 1B, the loads on each part being p,, P,, Py Ps» Po Ps 
respectively ; then 


AK =KE=de.= 4, and 


] 
1 e 
is {Pot 8p.+5p.+ 7+ 9p,+llp, feces O 
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t \* 
M=Pe—p(2—75 -p(«-3)-4e-3) e@eeeened (8) 
And to render M a maximum, we find 
—p,)+P,— 

. omy {1 tes eceecegséoecnnes (7) 
The values of P, and «, substituted in equation (6), give the greatest mo- 

nent, M, tending to rupture the ship. “4 (°) Be 
(1) If p,=p,, and p,=p., then equation (7) becomes ams ;, that is, the 


reatest strain will be at the centre O. 
And from equation (5) we find P,=p,+p,+p,; and substituting in 
syuation (6), we get ; 


Mm so 7,+9p,+5p,) Cece cece cccoce (8) 


(2) If al be put for the sum of the pressures, p,, p,, p,, on each half of 
he ship, and let G, be the centre of gravity of these pressures, then 
M=P,x Ac—™ x G,0= x ac—™ x G.c 
= x AG; 
hat is, the moment tending to rupture the beam at the centre is equal to the 


oad on one half of the ship multiplied by the distance of its centre of gravity 
rom the extremity. 

12. Now let us suppose that the ship is balanced upon its centre C (see 
fig. 4); then, in this case, the greatest strain will obviously be at the point 
of support C; hence we have 

M=p, x DC+p,x HO +p, x gEC; 


bat 

DC=4f, l, HCas,f, 1, and 4 EC= yy I; 

Se CC ea ee) ee (10) 
or proceeding as in equation (9), we get 

Ma xG,0, or & (5—4¢,) voeaeeees veceeees (11) 


Comparing this expression with equation (9), it will be obeerved that as the 
load is accumulated towards the centre of the ship, AG, will be greater than 
G,C, and therefore (9) will be greater than (11). 


W 
13. If the load be equally distributed, or p,=p,=d:0.=—, thon AG,==$ of 


= i and equation (9) becomes 
W/\ Wi 
M=5 =e eeceoeeenuseneecare a ae ed (12) 
and from tion (11) we 
eguation ww Wi (13) 
=9 37 4 =s eeoeveeceneeveeees eee 


where the results of equation (12) and (13) are the same; that is to say, the 
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moments tending to rupture the ship, in the two positions, are the sa 
when the load is uniformly distributed throughout its length. 
14. When the load has the form of a trapezoidal figure ADEFB, to ff 
the greatest moment tending to rupture ; 
the beam AB supported at its extre- - Fig. 5. 
mities. | og 
Let AB=1, Ala, IB=a, El=e, % , i 
AD=6b, BF=6,, AQ=z, p»=the weight - 
of a unit of surface in the load. Die 


Now, observing. that the moment = ).y 
of the surface ADEFB is equal to the AE ===> B 
moment of the rectangle AJLB minus “A“ q ik # 
the sum of the moments of the triangles: .. e 
DJE and ELF, we find, after reduction, ?2 = 

=6 { Bet a(e—B)(20-4 8u,)—(e—6,)a, } seteee (i: 

When a,=a, this expression becomes 

P= EG (et 5b-40,) oes eeee eee ee eens (1é 


The trapezoid ADRG being composed of the rectangle ADVQ and th 
triangle DVR, we have - | 
2 wv e—b 


é 
M =P a—pbo x 573% 1 * vx hte 


} = Pe 5 pba? — ua ceeceaeeee beteeeees (16 
Henee for the maximum value of M, 


=P, pba) 20; 


. a=; {. [Dp 4-0} Leeeeeeeeess (17) 


which gives the point Q where the greatest strain takes place. | 
The values of P, and x being substituted in equation (16), we find the 
maximum value of M as required. 
(1) When a,==a, then P, is expressed by equation (15), and we get 


| VCH 1K Ge FEE FHP —o | so eeeeeeee (18) 


Substituting these values in equation (16), we find the maximam moment 
uired. 

(2) When b,=6 in the last equalities, we find x=a; that is, the greatest 
strain will take place in the centre of the beam ; and from equation (16). and 


(15) we get 
| Mes}ya(Be4b). 0. c ee c eee econ (19) 


Secrion ITI. 


Strength, §c., of Beams. 
15. The moment of the forces tending to rupture a beam being always 
equal te the moment of the forces resisting rupture, the symbol M may be 


oe 2 yy ee 
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wed to express either of these moments. It must be observed, therefore, © 
that all the expressions hereafter given for M, the moment of rupture or 
the moment of flexure, as the case may be, are equal to the moment of the 
forces tending to break the beam. 

16. Let h& equal the distance of the upper edge of the section of rupture 
fom the neutral axis passing through the centre of gravity of the section ; 
i, the distance of the lower edge from the neutral axis; S= the resistance © 
f the material, per square inch, to compression at the upper edge ; 8, = the 
resistance of the material, per square inch, to extension at the lower edge; 
md I= the moment of inertia of the section about its centre of gravity ; 
aen 


8 8 
M=;.1,orz’-1,. sec ee cece eens eees (1) 
The value of I, depends solely on the geometrical form of the transverse 
ection of the beam. ; 

17. The following values of I, for different sections of material will be 
sand useful in calculating the transverse strength of a beam having a com- 
lex section, such as that of an iron ship. 

(1) For a thin plate, AB, about any axis, Fig. 6. 
ay? passing through its centre of gra- 
wy U, 

T=, KF sin’ @, 
there K is the area of the section, and J sin @ 
te projection of 7, the length of the plate, 
‘pon the vertical or upon a line perpendicular 
» the axis. 

(2) For a hollow rectangle, 

Sd © (6d°—h,d,"), 
rhere b= the breadth of the section, d= its depth, 5, = the internal breadth, 
ind d, = its internal depth. 

(3) For an ellipsis about any axis NO passing Fig. 7. 

hrough the centre C, 

I,=4 Kp’, 
there 2p=2AB, the vertical depth of the section 
then the major and minor axes are equal, p==r the 
adius of the circle. 

(4) For a hollow circle, 


K 
li (@+4,”), ; 

vhere d and d, are the external and internal 
Zameters respectively. 

When the plate is thin, I,=}Kd? very nearly, which also approximately 
expresses that of a hollow elliptical section, d being the vertical axis. 

(5) When the depth of any surface is small as compared with its distance 
fom the axis, 

I=aa? very nearly, 

vhere a= the area of the section, and a= the distance of its centre of gravity 


from the axis about which the moment of inertia is taken. 
(6) The moment of inertia of a square is the same for all axes passing 
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through the centre, whatever may be the in- Fig. 8. 
clination. Thus ‘ b 


I=, %, 
where /= the length of the side. N Oo 
And for a square hollow girder of uniform 


thickness, I, = ty (i _ L*), 


where J = the length of the interior side. 
(7) For a parallelogram CEFG about any axis AB passing through 
the centre, | 
T= yyK {P sin’ (6,+6)+6" sin’ 6,}, Fig. 9. 


where J=CG=EF; e=CE=GF; K= ares of C 
parallelogram; @==angle GCE, 6,=angle B, the 
angle which the side CE or CE produced makes 
with the axis of moments. 

. When 6=90°, or the surface becomes a rec- 


tangle, 

I,= 5 K{? cos* 6, +6? sin’ 0,}. 
(8) For angle-iron AMRFE about any axis 
O 


I = p(t —l,*)+?2—lix3, 


where t=: AM=x MR, 7 =EF=FL, 2, x, == the 
distance of the centres of the squares WO and 
FC respectively from NO. 

(9) If A and B be put for the moments of 
inertia of a surface about its two principal axes, 
perpendicular to each other respectively, then 
the moment of inertia of the surface about any 
axis passing through the centre will be 

T,=2A cos* 6,+B sin’ 6,, 
where 6, is the inclination of the oblique axis 
to the principal axis corresponding to the mo-Q __ © Ny 
mont of inertia A. 

(10) For a plate RB in the form ofa quadrant, about the axis NO parallel 
to the radius CB, 


Tey { ert de) nent t4e) | +31, Fig. 11. 


whore r is put for the external radius of the plate, r R 
for ita internal radius, and ¢ is put for the distance of 
the axis NO from the radius CB. 
When tho thickness of the plate is small as com- 
pared with its distance ¢ from the axis, then 


Tan} K(r"4 40") + 2e(r*—r,’). g 
N . 7) 


Secrion IV. 


To find the Moment of a Complex Girder, such as an iron ship, composed 
of a series of parts. 
18. Lot a,,a@,,.....«, represent the sectional areas of the portions com- 
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_ posing the transverse section of the beam ; a,,@,,.... a, the distance of the 

eentres of gravity of these areas respectively from the upper edge AB of the 

section; Q,Q,.....Q, the moments of inertia of these areas respectively 
shout their respective centres of gravity; h the distance of the neutral axis 

| <f the whole section from the upper edge, 

' For the neutral axis we have | 


a,%,+4,a,+...+42, 1 
BRE ae Ete ct eeereceeeeieee (1) 


The distance of the centre of gravity of the area a, from the neutral axis 
_ 3 (h—a,), and so on to the others; hence we find 


=Q,4+Q,+ * 0° Q,+4,(h—a,)?-+a,(h—a,)°-+ ede +a,(h—«,)° 
= 2"Q, + Za, (h—a,)*, coe cence Cc ere vaccncvcse nesses oe (2) 


there it will be observed that (A—a,)? is always positive. 

Hence we have the following general theorem :— 

General Theorem I.—If the section of a compound girder be composed of a 
eries of sectional areas, the moment of inertia of the whole section, about its 
eutral axis, is equal to the sum of the moments of inertia of the different 
ections about their respective centres of gravity added to the sum of all the 
ras multiplied respectively by the square of the distance of their centres of 
ravity from the neutral axis. 

N.B.—It may happen that the moment of inertia Q, of some part of the 
ection can be most readily found by referring at once to the neutral axis 
40 of the whole section; then, in this case, the value of Q, must be added 
‘9 equation (2). 

19. If Q,,Q, be taken as the moments of inertia of the sectional areas 
rhich meet or pass through the line of the neutral axis, or which may have 
s considerable depth, as, for exemple, the side plates of a tubular girder; and 
uupposing the other sectional areas to be accumulated toward the upper and 
iower parts of the section of the beam; then the depths of these sectional 
areas being small as compared with their respective distances from the 
neatral axis, Q.,....,Q_ may be neglected without incurring any consi- 
erable error ; 


h 


oe T= Q,+Q,+ Boan(R—Gy) re cece cece eenne geseeee (3) 
And if Q., Q, be neglected, then 
Tye B"G (hai). cece eeec cece cneeeeeseeee eens (4) 


Hence we have the following general theorem :— 

General Theorem I1.—When the different depths of the sectional areas of 
a series of plates, forming a compound girder, are small as compared with 
the distance of their respective centres of gravity from the neutral axis, then 
the moment of inertia of the whole section is very nearly equal to the sum of 
' all the areas multiplied respectively by the square of the distance of their 
centres of gravity from the neutral axis. 

20. To determine the strength, gc., of a tubular beam, ABCD (fig. 12), 
composed of a series of cells AF, with angle-iron, at the top part, and of 
thick eolid plates CD at the bottom part. 

Here the section of the beam may be divided into three portions, viz. the 
- cells at the top, the bottom plates, and the side plates. 
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For the position of the- neutral axis NO we Fig. 12. 
have by equation (1), art. 18, 4 


h= p(de,+a,2,+0,2,), sp ecccreseoeee (1) 


where a,,@,, a, are the areas of the material in the 
sides, in the top cells, and in the bottom plates re- 
ively, and so on. a 
If D=AC, the depth of the beam, then: 
h,=D—A. 
" From equation (2), art. 18, we get 


I,=Q,+9,+9,+4,(h—a,) 

+4,(h—a,)? +a(h—@,), .. cc cccccccees (2) 
where Q,=the moment of inertia of the side plates 
about their centre of gravity, Q@, that of the top 
cells, and Q, that of the bottom plates. 

If the beam be loaded in the middle and sup- 
ported at the ends, then M=j Wi, and 


8 8 
}Wi=M=51, orp; 
48I 4S I 
o’e = or hl’ eeneereacee @eeene eoeeecetenveense 


which gives the load corresponding to any assumed value of 8 or S8,. Con- 
versely 8 or S, may be determined for any given load, W. ; 

(1) The following is @ more simple and practieal method of calculating 
(approximately) the strength of these beams. 

Putting a, a, for the areas of the top and bottom parts respectively, g, 9, for 
the distance of their respective centres of gravity from NO, and G=g+4,, 
neglecting the side plates, for the position of the neutral axis, we have 

el A a i a ee (4) 
And from General Theorent TI, nt. 19, we get 
I,=ag*+2,9,"=ag9(9+9,) or 4,9,(9 +9,) 
agG or 29,3 ...c cece cece ees ceceeeeenceee (5) 


8 8 
”. M=;agG or pan 


G G 
=BaD x $5 or 8,0,D x £45 | 
=SaD or 8,a,D nearly, ...........-.000-- .» (6) 
taking e and oe as constants, each being nearly equal to unity. 
1 


Hore the strength varies as the top or bottom areas multiplied by the depth. 


If K be put for the whole section, and taking sae constant, we 
get l 
M=C(a+-4,)D=CKD. 2.1... cece cece eee eee: (7) 
Here the strength varies as the whole section multiplied by the depth. 
When M=}WI, we get ° ; 


wane or aa? re ae ee ee | eeeesser (8) 
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Asimilar formula may be derived for beams with double flanges. 


From the experiments on the model Conway tube we find 8, = 16-6 tons ; 
hence we have . 
- 66a,D 


| W=-7>> see e eee e eee e cece ccesensarece sees (9) 


thich is the fotfaula usually employed for calculating the strength of these 
‘ams; where W is expressed in tons, a, being the area of the bottom plate 
jainches, D the whole depth of the beam, and ? the distance between the two 
epports expressed in the same units as D. 

| In cast-iron beams with double flanges, as derived from the experiments 
dthe late Mr. Hodgkinson, . 


__26a,D 
—]T * ote @ectbtoteseresn nese eeeeosenenevse (10) 
Strength of an Iron Shtp. 


21. To determine the strength, &o., of an iron ship, the transverse section 
king represented in the annexed diagram, AB and EF the upper and lower 
tcks, AD and BD, the sides down to the bilge, LR, RS, SD, &c. a series 
: plates, assumed to be straight, forming the bottom, and so on. 


_ Fig. 13. 


Ss A a ; Ss 
; Bi 
i 


Having divided the section into a convenient number of parts, formulse (1) 
ind (2), art 18, give the most exact method of calculating the moment of 
2ertia of the whole section ; where the moment of inertia of each part about 

 keentre of gravity must be determined, and soon. But the following method 
#caleulation is more simple and sufficiently exact for all practical purposes. 
Pata, for the area of the material in the upper deck; a, for that of the 
ower deck ; a, for the lower hold stringers ; a, for the bilge keelsons; a, for 
the sister keelaons; a, for the middle keelson ; a, for the keel piece L; a, 
brthe plates LR, LR, ; a, for the plates RS,R,S, ; a,, for the plates SD, 8,D, ; 
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a, for the side plates AD, BD, down to the top of bilge, d, being their depth : 
and so on, as before ; the equations (1) and (3), art. 18, 19, will become 


1 , 
hae ED Onn acc c cece rca teres etees tence eee e ce eneees (1, 
T,=Q, + 2) 'a,(h—a,)°=pya,03 + Bh0, (h—Geg)s -- reer eeeeee (2) 


where Q, is the moment of inertia of the side plates about their centre of 
gravity. It will be observed that (h—a,) is always positive, 
And we further have 


8 
M= fle or A to See ce ce etc ens weet woe ewes (3) 
and 
gah 5 = (4) 


~T,’ ee a a a er re er ee rr 2 2 


If the plates AE, ED have not the same thickness, then Q, of formula (3), 
art. 19, must be retained, and Q, and Q, calculated accordingly. 

22. If a ship is supported at its extremities, and the load distributed as do- 
scribed in art. 10, then equations (6) or (2), accord- 
ing to circumstances, will give the value of M in the Fig. 14. 
foregoing formule; or if the ship be supported at 
the centre, then equations (10) or (11), art. 12, will 
give the value of M, and so on to other cases. 

To adopt a more summary though less accurate 
method of calculation, let AD represent the section 
of the material of an iron ship; the flange a, the 
section of the materials of the main deck; the 
flange a, the section of the lower deck ; the flange 
a, the section of the bottom; a, the section of the 
material in the side plates or rib, d, being the 
depth, and so on, as before. In this case equations 
(1) and (2), art. 21, become 


] - 
A= Ki t0%e $4,B, 4,0, 4,0,), ccc r reece ccce cece cesececees (0) 


I,=p)4,d,+4,(h—a,)* +4,(kh—a,)?+a,(h—a,)*+a,(h—a,)*. .... (6) 


If we take d,=D, the whole depth of the section, a,=D, a,==4 D, and 
a,=0, these formule become 


hae { a,-+4,)D +4,a, } y cence ences seeeeens ceeeeseees (7) 
I,=a,{p,D?+(h—4D)*} +4,4?+a,(h—a,)?+a,(h—D). ........ (8) 


When the depth and the amount of material in the transverse section are 
given, to determine the distribution of the material so that the beam may have 
the greatest strength. 

23. The first and most important condition of maximum strength is, that 
the material should be accumulated, as far as practicable, at. the upper and 
lower edges of the beam. 

In tubular girders, where the material is accumulated at the upper and 
lower edges of the girder, the sectional areas at these parts should be in the 
inverse ratio of the ultimate resistances of the material in these parts r- 
spectively. 
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The results of experiments closely confirm the truth of this deduction. In 
‘wrought-iron girders, for example, the bottom section is about §ths of the 
top section ; and in cast-iron beams the section of the bottom flange is about 
63 times that of the top flange, which is approximately, in the case of cast 
iron, the ratio of the resistance of compression to that of extension. 

The next condition of maximum strength determines generally the relative 
amount of the material on each side of the neutral axis. The principle 
upon which this distribution of material depends is this: when the material 


at the upper edge of the beam is upon the point of yielding by compression, 


the material at the lower edge must at the same time be upon the point of 
yielding by extension ; hence 

8 8, S hk . 

aed le peer c cece ce nv eevee 1 

; hh, or 5h, ’ ( ) 

that is, the distances of the neutral axis from the upper and lower edges of the 
kam should be in the ratio of the ultimate resistances of the material at these 
parts respectively. 


If ree, and D=the whole depth of the beam, then 
2 


rD D 
rer EA rere (3) 


In the case of wrought iron, r=4§ nearly; that is, tho ultimate resistance 
f wrought iron to compression is about § of its ultimate resistance to ex- 
<nsion. 

24. To determine the area, a,, of the material in the transverse section of 
he upper deck (art. 22) so as to have a maximum strength with a given 
mount of material. 

The atrains on a ship afloat are somewhat different from the strains on an 
rdinary fixed girder; for it is found that the upper part of the transverse 
«ction of a ship when afloat is sometimes subjected to compression and at 
ther times to that of extension. But of these two strains the former is 
renerally the more violent. It will therefore be expedient, in calculating the 
Gstribution of the material in the section of an iron ship, to regard the upper 
portion of the section as that which is subjected to extension ; and therefore 
in this case we should have D 


h=——~. 
| r+1 
Making this substitution in equation (7), art. 22, and putting a,+a,+a,+4, 
bor K, we get 


1 
a= { (4a,+4,)D+a,2, | —(A, +4, +4,). -erececccees (1) 
If we assume r=1, then this expression becomes 
20,0, 2 
a,=a,—a,+ a eevee eeseevnesesesenee ( ) 


In one of our most approved iron ships, a,==440 square inches, a4,=156, 
#,==490, D=23} feet, a,==7} feet, required a,. 

Substituting these values in equation (1), we find a,, or the area of the 
tpper deck, to exceed 300 square inches. Now in this iron ship the equivalent 
irea of the upper deck is only about 230 square inches; hence it appears 


that this portion of the ship should be about one-half stronger than it is, in 


oder to have a proper distribution of the material. 
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It may not be practicable in all cases to construct iron ships with such a 
large section of iron at the upper deck ; yet such should be the distribution of 
the material in the section in order to secure a maximum of strength with a 
given amount of material. - 

In the distribution of the material there is another consideration of some 
importance ; and that is, that all bodies in the form of beams, whether hollow 
or solid, follow the same law as regards a transverse strain, viz. that ina beam 
uniformly loaded the strains are always greatest in the middle and progres- 
sively diminish to the points of support at either end. These facts are self- 
evident, and show in the case of an iron ship that the same thickness of plates id 
not required when working from the centre at midshipe to the etem and 
stern. In fact, they should taper or be reduced in thickness according to 
a certain ratio of their distances from the centre till they reach the extremes, 
ateachend. Theoretically this is true; but in practice we have to consider, 
how much the thickness can be reduced without danger to the structure, 
in general we may here observe that the reduction should not exceed ome-tht 
between the centres and the twoextremes. Or, in other words, if we assume 
the strakes or sheathing plates of the bottom and round the bilge to the height’ 
of the interior floor, or one-fifth of the depth, to be seven-eighths of an inch, 
it then follows that their thicknesses may be safely and progressively reduced 
to five-eighths thick towards the bow and stern. The same reduction to 
five-eighths may be made from that point, one-fifth of the depth, to the 
neutral axis of transverse strains, or about halfway up the ship’s side, when 
they should again increase to seven-eighths thick for the top strakes at the 
deck, on each side, where they have to perform the office of stringers and 
columns under the action of the two forces of tension and compression. 

From these remarks it is obvious that a careful distribution of the material 
is a consideration of great importance in ship-building ; and although it may 
be necessary in some constructions to deviate somewhat from the absolute 
rule, yet it is nevertheless essential that the law of strains should be carefully 
observed, and weak parts sufficiently guarded against. 


Secrion V. 
On the Penetrution of Iron Armour-Plates by flat-faced tempered Steel Shot. 


25. The experiments conducted at Shoeburyness seem to warrant the con- 
clusion that, in firing at strong armour-plates with cast or wrought-iron shot, 
about one-half of the effect is lost in distorting or in breaking up the shot 
itself, and, further, that with steel shot of tough temper nearly the whole 
of the work stored in it is expended upon the plate. 

Mr. Fairbairn’s experiments on punching led to the following general laws 
relative to the resistance of iron plates to a force-tending to rupture them :— 

The diameter of the punch being constant, the pressure requisite to pro- 
duce rupture varies, approximately, as the thickness of the plate. 

When the thickness of the plate is constant, the pressure requisite to pro- 
duce rupture varies, approximately, as the diameter of the punch. 

And, generally, the pressure requisite to produce rupture varies as the 
thickness of the plate multiplied by the diameter of the punch, or, what 
amounts to the same thing, as the area of the shearing surface abraded 
the process of punching ; that is, 

Port, | 
where P is the ultimate pressure in Ibs., tthe thickness of the plate in inches, 
and r the radius of the end of the punch. 
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| where the work requisite to penetrate a plate varies as the square 0 

nultepleed by the radius of the shot. | 
Substituting the value of the constant C, deduced from the experiments 

_ with ordnance, we get ; 

Ua=24400rO, occ ccc eee eee (2) 


2 
vhere U =: .—, the work in the projectile at the instant of impact. 


Hence we have for the depth of penetration by a shot with a given weight, 
aze, and velocity, 


From this formula it follows that a 100 Ib. steel shot of tough temper, 6 
aches diameter, with the velocity of 1200 feet per second, will completely 
perforate an armour-plate 5 inches in thickness. This result is fairly borne 
ot by the results of experiments with ordnance. 

If 32 inches be taken as the average radius of a shot, then formula (3) 


becomes 
Ee ia Oa (4) 


vhich may be regarded as a rough approximation of the damaging effect of 
hot not differing widely from this dimension. 


Maltese Caves.—Report on Mnaidra Cave. 
By A. Leita Avams, M.A., M.B., F.G.S. 


|. Tae strata composing the Maltese Islands belong to an early Miocene 
priod; and attain a maximum height of about 720 feet above the sea-level. 
They consist, from above downwards, of the Upper Limestone, underlaid by 
xds of Sand, Marl, Calcareous Sandstone, and last of all, a rather compact 
md durable rock called the Lower Limestone. The latter attains its greatest 
‘ight on the south and south-west coasts, reaching an elevation of 300 feet 
sbove the sea-level. Several cliffs of this bed contain natural caves, one of 
which, the subject of this Report, was discovered by me in 1863. 

2. The Maltese strata are all more or less displaced by faults, whilst their 
exposed surfaces well attest the denuding effects of bygone atmospheric and 
“jueous agencies. This is very apparent in many situations; indeed the 
generally bare aspect of the islands, and the accumulations of soil and frag- 
nents of rocks in the fissures and hollows, together with depressions existing 
here and there, fully testify to the great changes which the area underwent 
during and subsequently to the period or periods when the remains of its post- 
tertiary fauna were being buried in those situations. 

3. The alluvial deposits of the Maltese Islands consist—1st, of a calcareous 
red clay, containing peroxide of iron, and similar to that of many of the other 
islands and along the shores of the Mediterranean; and 2ndly, a blue mari, 
which is obtained from the degradation of the bed of that name, found tn situ 
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in the higher parts of the islands. Intermediate varieties of both, consequent 
on the destruction of the rock formations, are also common, but it is in the 
deposits of one or other of the first two sorts that the remains of the extinct 
fossil fauna are usually found. These are generally intermixed with angular 
or rounded fragments of the rocks, forming compact breccias or conglome- 
rates, which in the caves are often covered up by stalagmitic infiltrations and 
red earth ; again, in fissures and hollows, large and loose accumulations of | 
red soil, stones, and animal remains, huddled together in great disorder, display 
states of arrangement clearly referable to aqueous agency, and that of no 
common order and intensity. 

4. Turning to the caverns, many may be said to be merely water-worn rents 
or fissures hollowed out at some period anterior to the introduction of the 
deposits and organic remains; for in many I have examined there existed 
communications with the surface by means of either perpendicular or lateral 
rents, through which their contents might have been introduced, or at least 
water in sufficient quantity to have rearranged any remains that were lying 
on the floors of the caves. 

5. The subject of this Report I have named Mnaidra Cave*, after a re- 
markable ruin of that name in the immediate vicinity (supposed to have been 
constructed by the Phosnicians), and also to distinguish it from two other 
caves close by, one of which, viz. the “Middle Cave,” is situated on a terrace- 
cliff within a few yards of the last and about 12 feet below it, whereas the 
third, called the “ Hippopotamus” “ or Malak Cave,” opens on the same ter- 
race cliff with the ‘‘ Middle Cave,” and is 200 feet distant from the Mnaidra 
Cave. The latter stands on the edge of a steep declivity overlooking the sea 
and above-mentioned terrace cliff, and is about 300 feet above the level of the 
former. Perhaps none of these caves maintain their original dimensions; for 
although at the time of their discovery each opened independently of the 
other, I have since been enabled, in the cases of both the “ Malak” and 
“« Middle Cave,” to trace their lower deposits outwards from their entrances 
to the edge of the cliff, a distance of from 60 to 70 feet. It will be under- 
stood, therefore, that all these caves were situated close together on the side 
of a limestone cliff which faces the sea on the south-west coast of the island 
of Malta. 

6. Nowhere in any of the islands forming the Maltese group is there a bet- 
ter illustration of the disturbances that have brought about the present insular 
condition of this area than at the point (represented in Plate II.); for along 
the base of the cliff there runs a fault by which the Upper Limestone of the 
series had been let down several hundred feet, and is now submerged, except— 
ing a narrow belt that fringes the coast and spreads out into a stony flat west— 
wards, whilst three miles out at sea the islet of Filfla forms its ‘outlier.”” 
On the surface of the depressed fragment, and washed by the waves, are 
masses of alluvial deposit and breccia formed of red earth, angular and par- 
tially rounded stones, of not only the parent rook, but also the Calcareous 
Sandstone and Lower Limestone, besides small portions of a black kmestone 
rock, nowhere found in situ in the islands. These superficial deposits ran up 
the incline towards the “ line of fault,” and are to all appearance the “ talus ”’ 
or washings of the slope above the caves. From among this mass of breccia 
and loose red earth and stones, my learned friend Dr. Errington, Archbishop of 
Trebizond, assisted me in removing the upper jaw and teeth of the “‘ Pigmy 


'‘Mnaidra’ in Arabic means a “ sheepfold,” from the fancied resemblance this mega- 
ircle presents to a “ sheep or cattle pen.” 
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Elephant’? (Elephas melitensis), which were found jammed between large 
blocks of limestone ; their chipped and fractured condition, together with that 
of subsequent teeth and bones found in the same situation, clearly testify to 
the rough usage they had sustained from having been rolled along with stones 
and earth. The point therefore where the above remains were discovered 
was almost directly below the caves, and within a few feet of the sea- 
level. It is apparent, moreover, that the remains were deposited at a time 
when the depression was either taking place, or at least when it was below 
the level of the caves, else how could the fragments of the Lower Limestone 
have found their way into the deposit, seeing that the caves are situated at 
or about the uppermost limit of the Lower Limestone bed? 

7. Before proceeding to give an account of the deposits of the Mnaidra 
Cave, it appears to me requisite that 1 should describe the chief particulars in 
connexion with the contents of the two other caves in its immediate vicinity, 
in order that the members of the Association muy fully realize all the pheno- 
mena presented by the former. This I shall now do as briefly as possible. 

8. The Malak Cave was discovered in 1858, but its outlet was destroyed 
and deposits disturbed, and the greater portion of them removed before any 
geologist examined it. The quarrymen who found it stated to me that it 
formed a simple excavation of an oval shape, and had a small opening looking 
on the afore-mentioned terrace-cliff. Its roof was seemingly entire (but that 
has not been proved). On its floor there was a hard conglomerate formed of 
light blue and red clays, intermixed with very rounded and water-worn stones, 
belonging to the parent rock only. Throughout this deposit, in great disorder, 
were strewn teeth and bones of two species of Hippopotamus, together with a 
few bones of large birds. One solitary lower molar of the Pigmy Elephant 
was found by me among the débris. It was very much worn, and adhered 
to the rounded pebble with which it had doubtless been rolled. This is the 
only instance I know where the Pigmy Elephant’s remains have been found 
in connexion with the Hippopotamus. Not allowing for what had been re- 
moved by visitors and lost or destroyed, I counted the straight tusks of no 
less than thirty Hippopotami among the débris and in publho and private 
collections, all I may add, procured from a deposit not exceeding a few yards in 
circumference, and certainly not more than three feet in thickness. No traees 
of gnawing were noticed on any of the remains I have examined, but many 
teeth and bones bore signal marks of having been much rolled. I may here 
state that in another deposit of Hippopotamus remains, found many years since 
at the entrance of the Melleha Valley, at the N.E. side of Malta (possibly 
also in a cave), they presented the exact appearances disclosed by those from 
Malak (i. ¢. both as to the nature of the deposit and condition of the remains). 
Upon the top of the Hippopotamus remains of the Malak was a stalagmite 
sparsely mixed with red and blue clays, where abundant remains of the 
Gigantic Dormouse (Myoxus melitensis) had been gradually introduced during 
the period that the cave was also being filled by calcareous drippings and soil. 
The bones of this rodent were also much broken and mixed in great disorder; 
teeth and jaws predominating, and just as I have seen the bones and teeth of 
the Egyptian Jerboa strewing the bottoms of caves in that country, after 
having been ejected in pellets from the craw of the Horned Owl (Séria asca- 
laphus). So much for the Malak Cave, which, as regards the order and nature 
of its organic remains and deposits on its floor, differed entirely from the 
Middle and Mnaidra Caves. 

9. The deposits of the Middle and also the Mnaidra Cave were very simi- 
lar. On their floors at the entrances were found the usual white ceycareous 
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dripping with a black seam on its top, resembling coffee-grounds, and pos- 
sibly chiefly consisting of the droppings of Bats. Over this deposit there lay 
three feet of a reddish black loam, much hardened here and there by stalag- 
mitic infiltrations; and over this a seam of yellow earth, from half an inch 
to three inches in thickness, preceded* by a bed of a brick-red clay, averaging 
from 3 to 4 feet, and also interspersed with shelves and hardened masses of 
dripping. 

So far, as regards Mnaidra Cave, not a trace of organic remains was visible ; 
and, excepting in the Middle Cave, two teeth (much worn) of the Miocene 
Shark (Carcharodon megalodon) (a fossil found in the calcareous sandstone 
overlying that in which the cave existed, and possibly washed out of it), also 
in the brick-red clay a jaw of Arvicola, closely allied, if not identical with, 
A. pratensis, and frog’s bones, both caves seem so far to have been filled up 
at the same time, and subjected to exactly the same influences. The Middle 
Cave continued to receive red earth slowly until within 6 feet of its roof, 
where a shelf of stalactite, containing abundance of recent land shells, bones, 
and teeth of the Gigantic Dormouse, marked a period of prolonged tranquillity, 
which was again broken by an influx of red earth to within 3 feet of the 
roof, when the stalagmite filled it up. There was no appearance of fissure on 
the roof of this cave, but it had many lateral rents ; J did not, however, pene- 
trate beyond a few yards on account of the great difficulty in working the 
deposits; I could see, however, that at no period inthe history of the filling 
up of this cave was there any evidence of a large body of water having 
passed down it. 

Turning back to Mnaidra Cave, it was now very clear that a decided 
change had taken place in the mode and nature of its deposits; for on the 
afore-mentioned shelf of stalagmite, and about halfway up, were rounded 
water-worn pebbles, interspersed among the red earth and calcareous infil- 
trations. Here were found many fragments and a few entire teeth of the 
Elephant, together with abundant remains of birds’ bones of large dimen- 
sions, and teeth and bones of Myoxus melitensis. As the adit was being 
pushed inwards the fossiliferous deposit increased from 4 to 6 feet in thick- 
ness, and ran along the eastern wall, where it changed to a blue and red clay 
in nodules, whilst here and there depended masses of stalactite and dripping, 
in which were also found many Elephant’s teeth and bones, associated with 
land snails of such species as Helix aspersa, H. candidissima, H. vermiculata, 
H, aperta, Bulimus decollatus, Clausilia syracusana, &c. As the tunnelling 
proceeded inwards another yellow.seam began to appear about 4 feet from 
the bottom of the fossiliferous stratum, and to increase in depth until at the 
distance of from about 45 feet from the entrance it suddenly deepened and 
ran towards a depression on each side, and near the roof of the cave, where 
it measured 4} feet in thickness. It was composed entirely of the same 
ochre-yellow earth as the underlying stratum before mentioned, and like it 
was totally devoid of organic remains; moreover, from the manner in which it 
rose towards the opening on the side, there can be little doubt that it had 
been either partially or wholly introduced into the cave through the above 
opening. Although no alluvial deposit of the same description now exists 
in the surrounding area, there is every likelihood that it was obtained from the 
breaking up of the yellow variety of the calcareous sandstone, which has been 
entirely denuded from the surfaces around the cave, and for a little distance 
inland, On this yellow band lay another black seam, which thinned out on 


* [The author probably means ‘suoceeded.'—G. Busk.] 
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elevated parts of the floor, but was several inches in thickness in the hollows. 
large pillars of stalactite depended from the roof, and one central mass at 
the furthest limits of the adit, with its lower end resting on the black seam, 
seemed to divide the cave into two parts. On the eastern side of this pillar 
there was a deposit of black earth lying on the seam, through which ran a 
stratum of organic remains fully a foot in depth, rising upward towards the 
above-mentioned gap on the side of the cave near the roof. In this corner, 
and on a surface not 2 feet square, lay the left ramus of the lower jaw and 
tooth of a young Pigmy Elephant with several detached teeth, one cervical 
and six dorsal vertebre of the animal, besides bats’ bones, and bones and 
skulls of large water birds, and a vast assemblage of the remains of the Dor- 
mouse, together with very perfect specimens of land shells, all huddled toge- 
ther among minute fragments and splinters of bones. Both the deposit and 
organic remains in this side of the cave showed clearly that they had been en- 
teloped by the slow introduction of the black loam, which was soon hardened 
by calcareous drippings, in fact that the pillar of stalactite here divided the 
tave into a wet and dry side (Plate III. fig. 4). On the western. or wet side 
of the pillar very different causes had evidently been at work. The soil there 
was loose and mixed with the rounded pebbles of calcareous sandstone, only 
the latter were larger than any I had met with before, but like them they 
were nearly all hardened by calcareous infiltrations. Among the stones and 
clay numerous teeth and fragments of tusks and heads of bones of the Ele- 
phant were found. The organic remains seemed most abundant near the 
bottom of this fossiliferous deposit, which varied from 6 to 7 feet in thick- 
ness, and from 5 to 6 feet in breadth; but fragments of bones and plaits of 
weeth were met with even on the upper limits of the stratum close to the 
salactite of the roof, which was upwards of 3 feet in thickness. 

Such was the sequence of the various deposits in the Muaidra Cave from 
below upwards, and for the distance of 54 feet inwards to the limits of my 
excavations; and how much further remains to be seen, as from the great 
heat of the weather and the Association’s grant being expended, I have 
been obliged to defer any further researches until the return of the cold 
months, when I propose tracing the fossiliferous stratum to its limits. The 
Mnaidra Cave at its entrance measured 22 feet in height, and about 11 feet 
in breadth, when it gradually expanded and contracted, expanding a second 
time at the termination of the excavation, where its height was about the 
same as at the entrance, and breadth fully 13 feet. The sides of the cave 
were smooth, excepting where horizontal fissures formed gaping rents, into 
which the fossiliferous deposits had been washed, and much water and the 
finer portion of the clay introduced. The entire roof of this cave had evi- 
dently been cleared away from the entrance to the limits of the explorations, 
leaving merely the stalactite, and here and there a portion of the parent 
rock, the interstices being filled with soil drifted from the slope above, 
and composed of red earth and disintegrated fragments of the rock surfaces 
around. In this deposit I found remains of the great Dormouse, which I had 
previously met with in the stalactite on the roofs of other caves and superfi- 
cial deposits in other situations in the island, all leading towards the belief 
that the above-named rodent may have lived on the area up to comparatively 
modern times. 

10. With reference to the organic remains in this cave, it will readily be 
surmised, from what has been already stated, that the most prominent be- 
longed to Elephas melitensis and Myoxus melitensis, just as the Hippopotamus 
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in no instance were the remains of the rodent found m connexion with the 
Hippopotamus, whereas they were always mtimately associated with bones 
and teeth of the Proboscidian, and not only in this cave, bat in several other 
localities in the island. 

11. Of the teeth of the Pigmy Elephant, either entire or in fragments, and 
guessing what were destroyed by the workmen to be equal to one half, I 
surmise that the remains of upwards of fifty old and young Elephants were 
brought to light during the late excavations in MnaidraCave. They include 
individuals of all ages, from the calf to the adult. Many teeth were in 
good states of preservation, others were much decayed and broken, especially 
the ‘‘ true molars.” The large bones were nearty all reduced to fragments 
but vertebre and feet bones were usually entire. Many articulating sur- 
faces of bones had their outer tables removed, and were firmly encrusted 
with stalactite, especially the specimens lying on a black seam and among 
the rounded freestones. It was clear, however, that they could not have 
been conveyed for any very long distance, as will appear from the specimens 
I have forwarded for the inspection of the members of the Association. 
Among the remains were found certain foot bones not referable, apparently, 
to this species, and at present undetermined ; these I forwarded in another 
collection, now, I believe, in Mr. Busk’s charge*®. 

12. The remains next in the order of frequency, and even, perhaps, more 
abundant than the last, were those of the Gigantic Dormouse (Myorus Meli- 
tensis). The number of bones of this rodent brought to light during our ex- 
cavations was almost beyond conception. They embraced all ages, and were 
strewn about in great disorder, but were far more entire than any of the others, 
or than those I have referred to in connexion with the Malak Cave ; so much 
was this the case that I had seldom much difficulty in removing the greater 
pert of skeletons, which enabled me to determine the relative dimensions of 
the animal with accuracy. For example, the total length of the skull, taken 
from many specimens, averaged in the adult from 2-3 to 2-5 inches; length 
of the humerus 1-6 inches; length of femur 2-2. The hind foot from the 
extremity of the calcaneum to the tip of the last phalanx of the middle toe 
measured 0-7 inch. 

13. The avifauna of this cave embraced namerous remains of birds of 
various species, differing considerably in dimensions. Some of very large size 
were evidently water-birds. The collection I have forwarded for study t. 

14. The Mollusea include the majority of the land-shells at present met 
with in the islands. The following have been identified by the late lamented 
Mr. 8. P. Woodward :— 


Helix aspersa. Helix striata. 
» vermiculata. Bulimus acutus. 
»» candidissima. Cyclostoma ? 
»» aperta. Clausilia syracusana. 


The shells were found in such excellent states of preservation in the “ Mid- 
die Cave,” and with the rodent’s remains in the ‘“‘ Malak,” also with the jaw 


© (So far as I have been able to determine these they all a r to belong to one 
or othes of the small Elephante.—G. B.] Donen, they = 

+ [These bones have been eubjected to the inspection of Mr. W. K. Parker, who has 
c among them many remains of the Gigantic Swan, which he had already observed 
in the collection of Fossils from Zebbug brought by Captain Spratt.—G. B.} 
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and bones of the Elephant in the corner east of the pillar of stalactite in 
“Mnsidra Cave,”’ as to lead to a belief that they had crawled in and had 
been enveloped during the gradual filling up of the caves. 

15. From the evidences here adduced and other proofs too lengthy in 
detail for this Report, it would appear that the lowermost deposits and organic 
remains of the Malak Cave were not deposited at exactly the same time 
with those of the other two in the vicinity. Its clayey bottom and conglo- 
merate, formed solely of water-worn portions of the parent rock, seemed 
to indicate that the cave had at one time opened on the side of a river or lake, 
which occasionally washed its floor, whereas the lower deposits of both the 
Middle and Mnaidra caves show clearly that they were gradually filled by red 
earth and dripping from the roofs and sides, until some change in the phy- 
sical condition of the surrounding area caused the roof of the Mnaidra Cave 
to be in great part removed, when bodies of water either swept the organic 
remains into the cave, and beyond it into the breccias and deposits, forming 
below on the sinking portion, or else disturbed and rearranged whatever 
remains may have been lying on the floor of the cave on the western side of 
the pillar of stalactite, leaving the remains on the east side unaffected. This, 
however, will become more evident when the fossiliferous deposit has 
been worked out, which I am of opinion ought to be done, not only with 
the view of ascertaining that point, but in hopes of finding new forms, and 
especially remains of the carnivorous quadrupeds which undoubtedly roamed 
over the area at the same period with the River-horse and Elephant, as the 
bones found by Captain Spratt and others in the cave of Zebbug clearly 
show. Every relic, of course, with reference to this point must be in- 
teresting ; I therefore take the liberty of forwarding the lower jaw, femur, 
and tibia, appearing to belong to the “Common Weasel” (Mustela vulgaris), 
removed by mo from a mass of clay that had been excavated from the deposit 
on the floor of the Zebbug Cave, where abundant remains of Elephas meli- 
tensis, &c., were discovered by Captain Spratt in 1859. It is the same 
locality described by that gentleman and the late Dr. Falconer at the Cam- 
bridge Meeting of the British Association in 1862. 

16. Taking into consideration all the facts and probabilities furnished by 
careful examination of the Maltese caves, fissures and alluvial deposits, and 
the physical aspects of the various localities, I think there can be little doubt 
that at a late geological epoch in the history of the Maltese islands large 
bodies of water flowed over, at least, the greater part of the island of Malta, 
washing whatever soil or organic remains then happened to be lying on the 
surface into gaps, hollows, and depressions. No sea-shells have hitherto been 
met with in the soils and superficial deposits to indicate that the islands had 
been submerged and reelevated ; on the contrary, from all appearances the 
last movement to which these islands were subject was a downward one. 
Tnless, therefore, we suppose the giving way of lake barriers, divergence of 
rivers or streams, or the agencies of violent floods and freshets during 
changes consequent on oscillations of level, I see no other way of accounting 
for the phenomena represented by the above deposits and the fossil remains. 
In fact, I opine much the same conditions existed in Malta during the 
period of the fossiliferous deposits in Mnaidra Cave and others as obtained 
at Gibraltar when the “ Genista” Cave was receiving its Pachydermata and 
other quadrupeds. 


264 REPORT—1865. 


Report of the Gun-cotton Committee, consisting of Witt1aM Fatr- 
BAIRN, LL.D., F.R.S., JosepoH Waitwortsa, LL.D., F.R.S., James 
Nasmyti, C.E., F.R.A.S., J. Scorr Russewr, C.E., F.R.S., Joun 
Anperson, C.E., Sir Wittiam G. Armstrone, C.B., LL.D., F.RS., 
Dr. Guapstone, F.R.S., Prof. W. A, Mitter, M.D., F.R.S., Prof. 
FRANKLAND, F.R.S., and F. A. ABEL, F.R.S. 


Arter the report presented by this Committee at the Newcastle Meeting 
two years ago, the British Association, through a deputation headed by 
General Sabine, drew the attention of the Minister for War to the probable 
usefulness of Gun-cotton. In January 1864, the Government appointed a 
Committee to investigate the subject in all its bearings. This Committee 
consists of General Sabine as President, General Hay, Captain Brandreth, 
R.N., Commander Liddell, R.N., Colonel Boxer, R.A., Colonel Lovell, R.E., 
F, A. Abel, Esq., T. Sopwith, Esq., Professor W. A. Miller, Professor G. G. 
Stokes, and Dr. J. H. Gladstone, with Major Miller, R.A., as Secretary: 
representing thus the army, the navy, military and civil engineering, as well 
as chemical and physical science, and comprising three of the members of 
the British Association Gun-cotton Committee. Experiments on an.exten- 
sive scale, and in a systematic manner, have been carried on by this Govern- 
ment Committee, and are still in progress; but no report has yet been published. 
Until that report is made, your Committee have suspended their laboq ~~ 
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On the Horary and Diurnal Variations in the Direction and ; 


of the Air at Wrottesley, Liverpool, and Birmingham. 
Foxiuett Oster, F.R.S. 


{A communication ordered to be printed among the Reports. ] ! 
ANEMOMETRICAL observations having been taken hourly with conside 
accuracy for several years, and those at Wrottesley, Liverpool, and . 
mingham having been recorded on exactly the same principle (origi 
commenced by Mr. Hartnup in 1852), I was desirous of tabulatin 
results from those stations on a plan which I thought might prove of 
value in extending our knowledge of the motion of the air in these lati 
and possibly of developing some further laws bearing on that su 
Having observed that the hourly records of certain currents obtained 
the integrating anemometer seemed to exhibit some peculiar features diffe 
from those I had obtained from the registration of the force of the wi 
wished, in the first place, to carry out some investigations on the ho 
variations by taking out the amount of horizontal motion instead of 
force; the records of Dr. Robinson’s integrating instrument have therefa 
been arranged in conjunction with those of time and direction, tha 
registers being peculiarly suited for accurate tabulation, much more so tha 
those of the force, which are most available for examining storms and sudde 
changes and marked variations in the aérial currents. 

Besides these hourly results, I desired to investigate the records of tty 
daily variations in the atmospheric currents throughout the year, with a vic 
of ascertaining whether indications of any laws could be detected respecting 
their periodicity and amount. 

Accordingly I applied to Lord Wrottesley, who most kindly placed the 
whole of the valuable anemometrical records taken at his observatory at my 
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dsposal ; my friend Mr. Hartnup did the same, and furthermore aided me 
very greatly by allowing his assistants to tabulate, in the manner I required, 
the observations of the direction and horizontal motion of the air as recorded 
at the Liverpool observatory. I have worked out the Birmingham observa- 
tions on the same plan. 

To commence with the horary variations. These extend over a period of 
nearly eight years at Wrottealey and thirteen years at Liverpool. The 
amount of motion of each wind for each of sixteen points of the compass is 
taken note of for every hour, from the daily records, and tabulated for every 
month. Commencing with the N.N.E. wind, the number of miles of air 
from this point that passed between midnight and one o’clock in the morn- 
ing during the month of January in each year is tabulated; next between 
one and two o’clock, and so on through the twenty-four hours of the day. 
February is then treated in the same way, and thus through every month 
in the year, for each of the sixteen points of the compass, as shown in 
Table I., which is given as an example, exhibiting the amount of motion and 
duration of the south wind during each hour in December for each year. 

From the mean of the seven years thus obtained, the monthly curves of 
horizontal motion for each hour at Wrottesley are projected. See Plate IV. 
The means of the separate months are also combined so as to obtain averages 
for the seasons and the whole year. In Table II. an example of this is given 
in the horary variations in the 8.E. wind at Liverpool. 

Plate V. exhibits the curves projected from tables so arranged for Wrot- 
tesley, and Plate VI. for Liverpool. 

Beginning with the N.N.E. (Plate IV.), and proceeding through the 
easterly points to S.E., the curves present no very striking features ; in some 
months they approach that of temperature, as the N.E. in April, the E.N.E. 
in February, May, and October, also the E. in February, May, June, Octo- 
ber, and November. The prevalence of winds having an easterly or north- 
easterly bearing during the spring and early summer is also seen, but their 
particular periods and amount are more perfectly shown in the diagrams of 
“Diurnal Variations” than in those which are prepared for exhibiting the 
horary variations. 

The 8., 8.8.W. and S.W. currents, or anti-trade-winds, are the next in 
order, and exhibit some remarkable features. Independently of the great 
and sudden increase in the amount of these, especially of the south, when 
compared with any of those from the east, it will be observed that they 
exhibit a striking peculiarity in the horary curves; for while the greatest 
amount of air passes from the south before noon, diminishing rapidly for 
several hours after noon, with the 8.W. the reverse of this takes place, the 
greatest quantity passing after noon and the least before—the intermediate 
wind, namely, the S8.8.W. showing the most in the middle of the day. It 
will be observed that the winds on either side of these three, namely, 
the 8.8S.E. and W.S.W., partake of the same peculiarity, but in a less degree, 
the former having its maximum in the morning, and the latter in the 
afternoon. 

The west and north-westerly currents present variations that show the 
greatest difference between the amount of air that passes by day when com- 
pared with the night, and correspond most nearly with the curve of tempera- 
ture. The N.N.W. winds in the summer months, and especially in June 
and July, show the greatest extreme, while the winter months indicate the 
least difference between the day and night. 
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On reference to the djagrams of the Liverpool horary variations (Plate 
VL), it will be observed that the same general character of curves exists as at 
Wrottesley, though the amount of air indicated as passing from the various 
pints differs considerably. The amount of east and north-easterly winds re- 
corded is, however, much less, owing to the observatory being somewhat shel- 
tered om that side by the town. The peculiar horary variations which at Wrot- 
teley are exhibited in the S. and S.W. winds, extend at Liverpool from the 
SE. to the W.S.W., the former showing the greatest amount in the morning, 
the latter in the afternoon. The extension of these variations over 80 
many points of the compass forms one of the most striking differences 
between the observations taken at this station and those at Wrottesley. 
No doubt the course and valley of the river Mersey lying in a S.E. direc- 

tion, also the town of Liverpool situated to the N.W., would have a consi- 
derable influence in deflecting these south and south-westerly currents, and 

in giving them a more easterly bearing; though probably there are other 
causes in action yet to be discovered. 

The west and north-westerly currents show the same peculiarities as to 
the difference between the amount of motion in the day and night as at 
Wrottesley, and at this station exceed that of any other wind. 

The integrating registers for Birmingham having been taken for only 
three years and a half, have not been engraved; they present much the 
same features in their horary variations as the observations taken at Wrot- 
tesley, the only difference worth mentioning being in the great S.W. or 
anti-trade-current, which has a rather more westerly bearing at Bir- 
mingham than at Wrottesley. | 

The curves that have been obtained by projecting these integrating re- 
cords of horary variations, especially those of the south and south-westerly 
winds, differ much from those of force or velocity as given by me in former 
papers to this Association, when it was shown that the latter nearly 
enincide with the curves of temperature, the greatest force occurring at or 
shortly after noon; but by subjecting the present observations to the test of 
velocity by dividing the number of miles of air that pass during each hour 
of the day throughout the year, by the number of hours occupied in passing 
(see Table II.) it will be found that the law as to the period of greatest 
force or velocity is still correct, notwithstanding that some of the curves 
show a larger amount in other parts of the day. These curves are there- 
fore interesting and important, as showing that the different currents have 
forces acting on them producing horary variations, besides those of acce- 
leration from increase of temperature. In the last row of diagrams, Plates 
V. and VI., curves are projected on an enlarged scale, showing the horary 
variations in the velocity of the air at Wrottesley and Liverpool. 

The next series of observations have reference to the amount and direction 
of the various winds throughout the year. In tabulating these, it was neces- 
sary that each day should be recorded separately, for by throwing together 
an arbitrary term of days, as a month or even a week, many important facts 
would be lost. The records have therefore been tabulated so as to give the 
direction, duration, and amount of horizontal motion of the air for every day 
in the year for seven years, referred to sixteen points of the compass. Com- 
mencing with the lst of January in each year, the number of hours that 
each current has lasted, and its amount of horizontal motion during the day, 
are obtained from the diaries in which the indications registered by the instru- 

ments are recorded, and this is repeated in rotation for every day during seven 


REPORT—1865. 


268 


gt [b.gf 


——— = —~ 


eeencanes? eases anoqg 
ef qowe 10} Ayooyea uw] 


einen pee emnennl 


-_— ——— 
oee 


£.z |£.9% 


eseoaesese Uv W AQUI AM 


6.2 [b.o£ Lz |v.6t| $2 |6.ge| £2 |S.9z| ov lgcz] 6.1 [sre] 6.1 |S.10] 1.0 leoz/ 0,2 [E.be | 1.2 |9.5e| 0.7 ve "a0N “WO “dag 
£.n [Lex 6.0]£.6 | g.0\z.g | 4.0/2.2 | 9.0/6.2 | Lolg.g 9-01L8 | £o1S.6 | 6.0|6.11| g.0\b.r8 “ganSnvy “A Ke oun 
1.2 |$.£¢ Qi |I.r2| 9.1 ty.62 | 9.1 |x.6r | ¥.1 [g.gr | giz |S. g-r\g.iz| Lrjobz| 2 |9.be) 5.2 v.12 hep ua ose 


L.2 'g.gf ‘qoq “usp “oo 


"Kd £8 | 


w.z 0.8 | £.z jo.vE | 9.2 [g. vt 


t.£ 10.8%] giz |g.6€ | 9.%18.9£ | 2.2/6.2 | 9.2 j£.9& 


‘wd VI 


"wad Fz ‘Kd 7 | ‘Marz | waoe | -wa61 | ‘wa gr ‘Wd Ot | "wa St 


rrerrrrrrrrer eye anoq 


ear youo 203 47100704 UH 


g.Or g-O1 1.11 L.o1 eS 


o£ S.2f 8.2 o.1€ g.t 6.62 Le 1.08 9.2 6.62 Teterceecoceccccocerseres UBOWT 


ome | ee | ee 


£.£ lo. bE | £.£ lope | b.£ lb.bE | v.€ [8.2 ceeess* USO AL TaNyNy 


g.z [6.28 | o.€ |g.0€! £.€ [L728 0.£ jz.08 "AON “300 “4deg 


6.1 |v.&z 


uve] Jomumg 
‘ssndny ‘Ame ‘oun 
sereeescosooupgTT SUL S 
‘heyy ‘Tady ‘qoreyy 
veetets “WORT aaqUT AA 
"qt “uur “oo 


1.1 jZ.0r| or Lon} 2.1 ib.6r | 1.2 [6.02% 1.2 |g.gr] 2.1 j0.9r| 9.1 |S.or| 1 |P.e4 


go [E.rx} 1.1 [Ze 


0.2 [b.Le| S.v irr! Leip] 0.€ io. vf tot v.08 | 0.€ .6z] 1.€ |b.r8 | g.z Lge 


zi |S.Sb| £616.54] v6 (L.Eb] v.£ (Leb ¥.£lo.Ly] z.6lb.bb! of |e.E¥] ¥.£ [Lo 
‘Bxy [eoTro| “erg [sopres “ery [popyur| “wry [saprar| -exy |soprun) “ery |porren) -82q |soqyor! “sry |sazror! “sry |sozraT 


§.1 |z.1z| 0.8 [v.92 


0.£ |S.9% 
“erg [sopra 


g.2 |0.0F 
“sry |so[Tm 


wror | -wv6 | weg | wv | wvg | evs ‘vb | owrvé MVE | cwVE "FOBI 01 TORT 


“ISVJ-HLAOG—"J] TIEVI, “100d daATT 


ON VARIATIONS IN DIRECTION AND MOTION OF THE AIR. 269 


years, thus sorting, as it were, all the winds. The mean amount of these is 
then taken for each day, as represented in Table III., showing the daily 
amount and duration of south wind during the month of January. 

From these Tables diagrams are drawn (see Plates VII. & VIII.), repre- 
eating to a scale the comparative number of miles of air that passed from 
exh point of the compass for every day in the year, taken from a mean of 
seven years, the length of the line being in proportion to the length of the 


, current from each point on each particular day. An approximate meteor- 


oogical division of the year is thus obtained, having reference to the currents 

that pass each station. : 
When examining these diagrams it is important not to be misled by the 
extent of a current that was due to one or two years being mistaken for the 
of a period of years. A space is therefore allotted under each day, 


| which is divided into seven parts, representing the seven years. One of these 


divisions is then marked to indicate the year in which each wind occurred, 
the size of the mark having reference to its duration on its particular year. 
By these means the prevalence or otherwise of any wind at any period of the 
year is at once rendered conspicuous. 

The diagrams explain this mode of illustration. Thus at Wrottesley 
(Plate VII.*), commencing with the north-easterly and easterly winds, a re- 
markable cessation is observable towards the end of January and beginning 
of February, again at the end of June, also at the beginning of August and 
September, and in the early part of December, while the amount towards 
the end of February, and the prevalence in April, and more particularly in 
May, often extending to the early part of June, is very clearly shown. 

The 8. to the W.S.W. winds have their maximum in January, increasing 
greatly towards the end of the month. They also prevail in the early part 
of April, during the latter half of July, and through the month of August, 
and more than any other current in September. 

The winds from the W. and N.W. prevail in March, towards the end of 
May and in June, especially in the latter half of that month. During the 
lst four months of the year currents from these points are exceptional. 

On reference to the diagram representing the diurnal variations of the 
wind at Liverpool (Plate VIII.), it will be observed that there is the same 
cessation of the easterly and north-easterly winds at the end of January and 
beginning of February as at Wrottesley, also at the end of June, &c. The 
times of prevalence also occur about the same periods. The S.E. and 8.8.E. 
winds, however, correspond to the periods of the 8. and 8.S.W. at Wrot- 
tesley, and the 8.8.W. and S.W. at Birmingham. 

The W. and W.N.W. winds prevail with considerable regularity in March, 
also at the end of April and beginning of May. again at the end of May, and 
particularly at the end of June, extending into the early part of July, and 
at the end of August and first portion of September. The diagrams show 
better than any written description the features of each current. 

The last row of diagrams in each of the Plates VII. & VIII. represents 
the mean amount of horizontal motion of the air, without reference to direc- 
tion, for every day in the year—projected on the same scale as the separate 
winds. From these it will be observed that a considerable amount of mo- 


® In Plate VII.a, the portions of Plate VII. which exhibit the duration of each wind 
on every day throughout the seven years, are brought together in such close juxta-posi- 
tion, as to give s comprehensive view of the periods of prevalence of each wind during 
that term of years at Wrottesley. The points from N.N.E. to 8.8.E. are repeated. 
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' tion takes place throughout the year, and that no period can be regarded 
scalm. The early part of January is, however, much calmer than might 
te expected, while the latter portion of that month and beginning of 
February are just the reverse, as is also March. The great increase ob- 
ervable in the portion of the diagram that shows the amount of motion of 
the air that passes Liverpool at the end of June and beginning of July, is 
due to the very strong W., W.N.W., and north-westerly currents at that 
period of the year. At Wrottesley the same currents exist, and at the same 
period, but their violence is so much diminished as not to disturb the general 
averages. 

These observations seem to indicate, both from the diagrams of each day 
ss well as from those exhibiting the horary variations, that there are three 
principal currents or groups of winds that may be classed together. First 
the north-easterly, prevailing mostly in the spring, and also appearing in 
the autumn. Whether they may be regarded as a temporary extension of 
the trade- winds will require further observations.to determine. They possess 

~ me of the characteristics of that wind. 

The next group is the great south and south-westerly current, or anti- 
trade-wind, the peculiar horary variations of which and periods of greatest 

_ notion have already been referred to. 

| he currents from the N.W., including those from W. to N.N.W., form 

_ the last group. 

Although the north-west and south-west groups are in many respects 
distinct from one another, yet they often blend so much that it is not pos- 
able to draw a definite line between them. 

Further observations on a more extended scale are required to define with 
accuracy the periods of prevalence or otherwise of the various currents, and 
to determine many interesting points regarding their course and action, 
which can now be only dimly shadowed forth. It is, however, hoped that 
what has here been done will aid in showing the importance of keeping a 
constant record of the movements of the air over as large an area of the 
earth’s surface as can with convenience be arranged. The geologist, whose 
researches also extend over the whole earth, finds in the great globe itself a 
vast registering instrument, where the changes that he is studying have been 
permanently written, enabling him at his leisure to examine its records, and 
refer to periods so immeasurably distant that he may, by reversing his train of 
thought, have glimpses of eternity. The meteorologist, on the contrary, finds 
himself lost by reason of the ephemeral nature of the forces and conditions 
which he has to deal with; he requires all the artificial appliances that can 
help him, to take note of and record the various changes that occur; but of 
all the conditions, there are none more important than those of the great cur- 
rents of the atmosphere. A knowledge of the quarter from which the air 
arrives at given points on the earth’s surface, and the duration of the current, 
will be a key to its various conditions of temperature, humidity, weight, and 
all the other features it may possess; while to trace it onward, over a large 
area, will materially aid in unravelling the secrets of the producing causes, 
and the laws that determine its course. 
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Second Report on the Physiological Action of certain of the Amyl Com- 
pounds. By BensamMin W. Ricuarpson, M.A., M.D., F.R.C.P. 


Ar the last Meeting of the Association, I read before the Physiological Section 
a “ Réport on the Physiological Action of Nitrite of Amyl.” On that occa- 
sion the members were good enough to express a wish that I should continue 
the inquiry. The present Report is the result. 

In accordance with the desire of the Committee, I have in this Report 
carried out a more general enquiry. Instead of confining myself to one spe- 
cial body in the amy] series, I have taken several of them, viz. amylene or 
valerene as one of the simplest of the type, amylic alcohol, acetate of amyl, 
and iodide of amyl. 

I hope, from the researches I have made, to leave in the hands of the 
Association a fair history of the physiological value of all these compounds. 

Before proceeding further, permit me to invite the attention of the Section 
to a very brief summary of the facts brought forward at our last Meeting, 
in 1864, respecting the nitrite of amyl. I showed then that nitrite of amyl 
was— 

1. The most powerful excitant of vascular action known. 

2. That in animals whose bodies admit of its spontaneous evaporation, 
the nitrite suspends animation; and that in animals of higher organization 
it induces a condition resembling cataleptic insensibility. 

3. That it is not an anesthetic. | 

4, That the effects produced by it are developed on the motive powers of 
the organism, which it first vehemently excites, and then paralyses. 

5. That it arrests the process of oxidation. 

I shall not trouble the Section with further observations in detail on this 
compound, inasmuch as the report upon it, as a whole, is published in the 
Transactions of the Association. I pass therefore at once to the other 
compounds of the amy] series. 


AMYLENE. 


The substance called amylene was first separated by Balard, of Pans, 
twenty-one years ago. It attracted but little attention until 1856, when 
Dr. Snow having read of it, and learned theoretically its composition and 
physical characteristics, came to the conclusion, on theoretical grounds only, 
that it was possessed of anesthetic properties. In process of time hé ob- 
tained some of the fluid; he found that his theory proved correct in prac- 
tice, and he was so satisfied with the action of the substance, that he em- 
ployed it as an anesthetic in 238 cases. M. Giraldis, of Paris, also em- 
ployed it in seventy-nine cases. I used it myself in connexion with Snow 
in three cases, and many other physicians and surgeons used it also. For a 
time, indeed, it seemed that amylene would in the end take the place of 
chloroform, but the promised success was marred by the occurrence of two 
fatal cases, from its inhalation, in the hands of Snow himself. 

Since that period, (July 30, 1857, date of the second fatal case,) amylene 
has fallen into entire disuse. Snow during the last year of his usefal life 
returned to chloroform, and I have occasion to know, from my intimate 
friendship with him, that the occurrence of the fatal accidents caused him 
as much anxiety as surprise. It has been suggested since Snow’s death 
that the specimen of amylene which he used was not pure, but was in fact a 
compound of various substances. This may be true, but it is certain that — 
he had used the same specimen successfully in other cases, and I have experi- 
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mnted on animals with a little that remained from the same store, without 
poducing any dangerous symptoms. 

I introduce amylene to notice in this place, because it not only links itself 
neturally with the series, but is, in fact, a proper body of the series from 
which to date observations as to variation of action. 

Amylene is made by acting on pure fusel oil or amylic alcohol with 
chloride of zinc; it has also been obtained, together with hydruret of amyl, 
by the action of zinc on iodide of amyl. In the distillation of the amylene 
wher products are almost certain to pass over, and I think I am right in 
saying that the substance has never been obtained actually pure for physio- 
logical purposes. It ought, when quite pure, to be neutral to potassium, 
and to preserve that element from oxidation ; but, as far as I am aware, this 
degree of purity has not been secured. The liquid has an oily character, 
and an odour compared by most persons to raw whiskey. It boils at the 
temperature of the blood, 98° Fahr. ; it is soluble in alcohol and ether to any 
deoree, it is soluble in water to the extent only of one part in 9319, and the 
specific gravity of its vapour, according to Snow, is as low as 2:45, Asa 
fuid it is nearly colourless. It is composed of two elements, C,, H.,. 

Antiseptic Properties.—Like the nitrite of amyl, -amylene is antiseptic ; if 
dead tissue be placed in the pure vapour of amylene securely it remains un- 
changed, but the great difficulty consists in retaining the vapour in the 
vessel. If 60 grains of amylene be placed in a jar having a cubic capacity 
of 80 inches, the organic substance to be preserved being previously put into 
the jar, sufficient amylene may be diffused by the warmth of the hand to 
enable the specimen to be kept in preservation. Animal tissues in amylene- 
vapour do not gelatinize as in ammonia; they become soft, evidently from 
the action of water retained in them, but not offensive. Decomposed animal 
tissue placed in vapour of amylene does not become less offensive, although 
the process of putrefaction is for a time arrested, . 

Amylene proserves blood from putrefaction so long as it is present in the 
mass. During the past weeks of extreme heat I have retained blood un- 
changed in-my laboratory by simply treating it, from time to time, with 
sufficient amylene to render the odour of the substance detectable. After it 
hes been for a time in contact with blood in a closed bottle, the odour evolved 
resembles rosemary so closely as not to be distinguished from it. 

Effects on Flowers.—Amylene prevents the decomposition of fresh flowers, 
bat it is not applicable as a preservative, owing to the change it produces in 
colour. The leaves pass from green to a dirty brown, the yellow colour 
olew slightly dingy, and the red fades, The colour least influenced is 
yellow. 

Physvological Effects on Living Organisms.—Amylene does not in any de- 
gree irritate either the skin or mucous membrane; it acts feebly when exhi- 
bited by the mouth or by injection under the skin. It is by inhalation only 
that we can bring out its actual properties. 

I have administered amylene in vapour to dogs, cata, guincapigs, and 
men. The symptoms presented in all are in the main the same. There 
not the terrific excitement of the circulation which is seen when the 
uitrite of amyl is used, but there is some excitement, and there is quick 
inebriation. 

This is followed by powerlessness of the limbs, and sudden collapse and 
toma, with total insensibility to pain, but not always, and indeed rarely, 
rith an equivalent loss of consciousness. In one case I saw a person who 
rag under amylene, and entirely senseless to a severe surgical operation, 

. U 
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talking with considerable correctness on the topics of the day, seizing ob- 
jecta with precision, and showing scarcely a perceptible gradation during re- 
covery from mental inebriation to perfect and sober consciousness. In a psy- 
chological point of view this fact is doubly interesting, for the expression of 
consciousness is but asemblance. The person on recovery does not remember 
the period when, to the bystander, he seemed as wide awake as one unaf- 
fected. To test this phenomenon I myself inhaled amylene alone, and, before 
inhaling it, made up my mind ‘that I would test for sensibility by pinching 
my hand. I inhaled, sitting in an arm-chair, 10 grains of amylene from a jar 
holding 100 cubic ihches of air; the air was thus charged with rather more 
than 13 per cent. of amylene-vapour; this quantity is small, except it be 
inhaled backwards and forwards in the manner I then followed, when the 
action is quickly decisive. Soon after inhaling I forgot myself altogether, 
but four minutes from the time I took up the jar I was quite conscious again, 
waking as if with a start. Ah! I thought, this experiment will not do; ‘the 
amylene acts so quickly that there is no interval during which a man may test 
his own sensibility ; but turning now to my wrist, I found I was wrong in 
this suspicion, for there were deep marks of pinches in several places; and 
further, the bottle containing the amylene-vapour had been replaced on the 
table with the stopper firmly adjusted, as I had intended. Thus I had, in 
fact, been performing acts of consciousness preconceived and carefully carried 
out without remembering any single fact connected with the process. 

I have seen a phenomenon nearly similar under chloroform, but never so 
marked as under amylene. Snow had an experience of the same in kind. 
During « severe operation on a child under the influence of amylene, the 
child was playing with a ball, throwing it into the air, catching it with pre- 
cision, and talking and laughing the while, 

I presume that there is not one hearer present who, quite irrespectively of 
the special subject of this report, will not, on contemplating the pheno- 
menon just cited, be struck with the facts adduced. It is clear that the 
human mind, through its manifestations, may exhibit a mere objective con- 
sciousness apart from the ordinary subjective consciousness of daily life. It 
may exhibit a consciousness of which it is itself unconscious, and this under 
the mere influence of a volatile liquid obtained from common potato-starch, 
and which mixes so indifferently with blood at 96° Fahr., that one part only 
will combine with 10,650 parts of blood. 

Have we any analogous phenomena apart from experiment, and spon- 
taneous or natural like this? You will all anticipate me when I say yes, 
there is the very counterpart in somnambulism. The somnambulist is in pre- 
cisely the same state as the experimentalist under this amyl-compound: he 
pursues acts of consciousness of which he is not self-conscious; he presents to 
us, i. ¢., mere objective consciousness. Have we not here a key to the hitherto 
_mystery of sleep-walking and acting? I will not say it is certain, but the 
evidence is as clear as inferential evidence can ever be, that persons who are — 
subjects of somnambulistic movements do, through some abnormal process of 
digestion or respiration of the starchy elements of food, produce in their 
own organisms by their own organic chemistry, an agent which, like amy- 
lene, destroys remembrance, and perhaps judgment and reason, but which 
leaves the brain still able to act and to direct the limbs to do things which | 
they could not do better in the most wakeful hour. a 

One might linger long on this subject, but I must leave it after noticing 
yet one other peculiarity of what may be called amylene dreaming. It is 
this, that during the period of insensibility the mind is capable of carrying on, 
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ertain proceedings upon which it was predetermined. We have a similar 
phenomenon to this in our daily range of experience, in the fact that we can 
under pressure go to sleep determining that we will wake at a certain time, 
md do so almost to the minute. In both these cases it seems as though 
the dark sleep were pierced by one pervading conscious gleam of light 
which obeys the orders it has received, and watching the slumbering spirits 
round it, calls them forth into activity at the proper time, and then itself 
des away. 

The insensibility produced by amylene is very complete but exceedingly 
transient ; recovery after the vapour is withdrawn is sudden, and it is 
therefore necessary to keep up the effect by constant inhalation of large 
quantities of the vapour. Between the period of full sensibility and com- 
plete insensibility there are three well-marked stages. The first is one of 
mild excitement, during which the face becomes red and injected; then a 
period of staggering inebriation ; and thirdly, a period of collapse and insen- 
sibility. Snow added a fourth stage of entire muscular relaxation, but I 
have myself not been able to follow it. During narcotism from this agent there 
ig no convulsion, but not unfrequently there is a peculiar tremor of the muscles 
very general, but, if I may use the term, minute. Carried to an extreme, 
the vapour kills animals. The only structural peculiarity found after death, 
is engorgement of the right side of the heart. The lungs are healthy, and 
the blood is unchanged in its general physical properties. I would dwell 
on this last fact with emphasis in order to correct an error made by the 
reporter on amylene to the Academy of Medicine of Paris, to the effect that 
amylene removed the red colour from arterial blood, whereas chloroform does 
not. This is a mistake, founded obviously on an inference derived from imper- 
fect observation. When amylene is added in quantity to arterial blood drawn 
from the body, it does unquestionably produce darkness of colour; but in the 
living animal, during its exhibition by inhalation, no such event occurs; for 
I have takén the blood from artery and vein, and have compared the specimens. 
The colour of both bloods is normal, the period of coagulation is natural, and 
the corpuscles are unchan. 

Owing to the fact that amylene is feebly soluble in water, and therefore 
feebly soluble in serum of blood, a very large percentage of it requires to be 
inhaled before any effect is produced. Snow estimated that the air must be 
charged with 40 per cent. in order to produce entire insensibility, and in 
fact he under-estimated the quantity by working on water at a temperature 
of 56° instead of 96° Fahr. I find that, instead of 40, 50 per cent. of the 
vapour actually is required. But as the blood at its ordinary temperature 
can only absorb y5},yth part of the vapour of amylene, it cannot, even in 
an adult man, receive at any time more than from 44 to 5 grains. It is 
clear, too, from the rapidity with which recovery takes place, that the fluids 
of the tigsues receive but feeble impregnation. 

In order to institute a physiological comparison, I tried the effect of the 
analogue of amylene olefiant gas. Olefiant gas is the hydruret of acetyle, 
but, like amylene, it is a pure hydrocarbon ; its composition is different only 
in one respect, viz. that it is composed of four equivalents of carbon and 
four of hydrogen. As I had anticipated, the action was nearly the BsAME ; 
to produce perfect insensibility, 50 per cent. of the gas was required in inha- 
lation. The effects also were transient. ; 

The effect of amylene on the muscular tissue was studied in various 
ways. As will already have been gathered, it reduces the muscular power, 
but the effect is not abiding. In fact amylene approaches the Pees of 
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negative narcotics, and enters into no chemical combination with the tissues. 
This fact led Dr. Snow to say that in action it almost resembled nitrogen. | 
I should myself rather compare it to carbonic oxide; only that carbonic — 
oxide produces convulsive movements and vomiting, which amylene rarely 
does. 

When an animal has died from amylene, the peculiar odour of the sub- | 
stance may be detected in the tissues for many days. This circumstance 
may seem at first sight to be opposed to the statements already made re- 
specting the feeble absorption of the vapour by the blood. However, there 
is no contradiction; the phenomenon is due to the circumstance that amy- 
lene possesses the power of charging water with its own odour and taste 
when in extreme division. This fact was observed by Snow with his usual 
precision. ‘‘ Amylene,” he says, “requires 9319 parts of water for its 
solution ;” and, he adds, “the water which has dissolved this small quantaty 
of amylene tastes as distinctly of it as amylene itself.” I notice this pecu- 
liarity, as it might happen some day to be of service in medico-legal inves- 
tigations. 

Amytic ALCOHOL. 


Amylic alcohol, the hydrated oxide of amyl, is obtained in the fermenta- 
tion of potato-starch or starch of grain. It is an almost colourless fluid, 
and boils at 270°; its density is 0°818. Its smell is sweet, nauseous, and 
heavy. In composition it differs from amylene in that it contains oxygen ; 
its chemical composition is C,,H,,O,. Its solubility in water is about the 
same as amylene. : 

In action it resembles amylene in being antiseptic, and in changing the 
colour of flowers and plants. It acts on the body, whether administered by 
the mouth or by inhalation, but it is most effective’ when inhaled in minute 
subdivision from an atomizer. 

_ Administered by inhalation in small quantities, it produces in the first 
instance signs of irritation of the nostril and then of drowsiness, but there 
1s no anssthesia ; if the inhalation be continued, and the quantity increased, 
the symptoms of coma or sleep are more fally developed, but without any 
insensibility, and with almost immediate recovery on the animal being re- 
moved. _ Pushed further still, the animal sinks on its side and loses the use 
of the limbs. At last the coma becomes very profound, and it may be intensi- 
fied up to the point of insensibility. At, this stage of the process, and some- 
times a little before it, a peculiar symptom is developed, viz. a universal 
tremor, accompanied with a very deep inspiration. There is no spasm, no 
pain, no rigidity, but in medical language rigors of an intense kind. These 
rigors are soon established in regular rhythm, and by maintaining the expe- 
riment cautiously, they may be kept up for several hours. I have seen them 
for one hour at the rate of sixteen in a minute as regularly as possible, and 
by reduction of the agent have lowered them to twelve, eight, and four per 
minute. All through the breathing is ‘tranquil and the action of the heart 
good. The rigor occurs spontaneously.in:this manner, but it can be excited 
at any moment by touching the animal or blowing upon it, or even by a 
sharp noise, such as the snap of the finger. When the animal is reduced to 
entire insensibility, if it be laid in the open air, it begins to recover its sensi- 
bility at once, but the power to move is suspended for two or three hours, 
and the rigors also continue, but with decreasing force and frequency. 
Ultimately the animal recovers thoroughly, and is always very eager for food. 
When these urgent and, as they would seem, extreme symptoms are carried 
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| totheir full extent, even an experienced observer would think that recovery 
| were impossible; but in truth the animal cannot be killed by any fair play 
with this vapour. In order actually to kill, it is necessary to complicate the 
experiment by actual reduction of air, or by closing the chamber and retain- 
ing the carbonic acid of the breath. Amylic alcohol produces a crenate and 
sightly shrunken condition of the blood-corpuscles, and the red blood is 
sightly darkened by it, but no change is produced in the property of coagu- 
lation. The odour of the substance remains for many hours in the tissues, 
The oxide has little action on the skin, 


ACETATE OF AMYI, 


The acetate of amyl is made by distilling together 1 part of potato oil, 2 of 
acetate of potassa, and 1 of concentrated sulphuric acid. The distilled fluid is 
washed with alkali, and distilled from chloride of calcium. It boils at 272°, 
Its composition is C, H, Q,. 

Acetate of oxide of amyl is a compound of oxide of amyl with acetic acid. 
It is a clear fragrant fluid, and is sold for flavouring purposes under the name 
of essence of pears. It acts like the other preparations in preserving organic 
substances. 

Physiologically the effects of the acetate of amyl may be induced feebly by 
subcutaneous injection, or by administration by the mouth, but best by inha- 
lation from the atomizer. It is very pleasant to inhale, and produces scarcely 
any irritation. When inhaled by an animal, it produces the very same sym- 
ptoms as amylic alcohol ; indeed these are so closely alike, that I could not by 

| mere observation of the symptoms tell which agent was being employed. It 

| is quite possible to induce perfect insensibility to pain by this agent. The 

_ Migors, so remarkable as regards their regularity of occurrence, are presented 
in marked degree ; a touch or noise calls them into action, and the paralysis 
of the voluntary muscular system is complete; but by itself the acetate does 
not destroy, and I have held an animal under its influence for ten hours with 
perfect recovery afterwards. 

I have inhaled the vapour myself in proportions varying from fifteen to 
twenty-five per cent. without any unpleasant symptom. It slightly quickens 
the action of the heart, and it produces a little irritation of the throat, such 
as follows the inhalation of vapour of vinegar, but, on the whole, the effect 
is pleasant. After a short time there is a gentle sensation of drowsiness, but 
no loas of sensation nor of consciousness, no faintness, no nausea, but a slight 
tremulousness of the muscles, the same unquestionably os the tremor which is 
seen in the more determinate manner in the lower animals. 

The acetate of amyl does not interfere with the process of coagulation of 
the blood, but it renders the blood darker in colour, and the corpuscles are 
made irregular and crenate. The odour of it does not remain long in the 
tissues. The acetate exerts a feeble action upon the skin, causing some vas- 
ealarity and soreness when long applied. 


IoprpE or AMYL. 


The iodide is made by distiJling together 15 parts of potato oil, 1 of phos- 
phorus, and 8 of iodine. It volatizes, without being decomposed, at 294°. 
The. iodide of amyl is a compound of amyl with iodine. Its composition 
BU, TH, 4 : 

It is a slightly pinkish liquid, the odour is leas agreeable than that of the 
acetate of amyl, but is morc pleasant than that of amylic alcohol. It rapidly 
changes the colour of flowers and plants, and although it is an antiseptic 
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when brought into contact with dead organic material, it is much less active 
in this respect than any of the compounds which have up to this time been 
before us. 

The physiological action of the iodide of amyl is well illustrated when 
the substance is administered with the atomizer, but it may be admi- 
nistered by direct inhalation. The symptoms induced are peculiar, being a 
mixture of those brought out by the nitrite of amyl, the hydrated oxide and 
the acetate. In the first stage of inhalation there is a profuse flow of 
tears and increase of saliva, followed by rapid breathing and vehement action 
of the heart. In the second stage there is prostration of the muscular 
system with commencing rigors; in the third stage there is entire prostra- 
tion, and precisely as with the oxide and acetate, there are regular series 
of general tremulous movements which can be excited at any moment by 
touching or by a sharp noise. During the tremor the limbs are agitated in 
movements which are so rapid that they cannot be counted. Pushed to 
a fourth degree, the breathing becomes paralysed, and the action of the heart 
intermittent and at last prolonged. But at this last degree, when extinction 
of life is within a second, there is no insensibility to pain. The merest prick 
causes expression of consciousness. Removed from the vapour, even when 
the existence of life is almost doubtful, recovery, if there be the faintest de- 
tectable action of the heart, is certain, and not only so, but it is rapid also. 
In the course of recovery the tremors quickly subside, but a special and 
curious phenomenon is commonly presented, consisting of a series of revolu- 
tions of the body ina circle. At first the animal moves round almost on ita 
own axis; a8 it regains power, it makes a little circuit, and then a wider 
one; at length it moves less methodically in jerks, and last of all attains the 
straight line. It seems at no time to suffer anything, and yet always to be 
alive to what is passing. It eats food voraciously on recovery. I should 
add that during the whole process there is copious elimination of water from 
the lungs, skin, and indeed all the emunctory organs. 

If the blood be examined microscopically before, during, and after the in- 
halation, several changes are observed. The colour of the blood is not 
darkened, but the fibrine appears to undergo entire solution, while the blood- 
corpuscles in greater part retain their natural characteristic form. The 
dissolved condition of the fibrine lasts many hours, and if the skin be pricked 
tho blood flows for an unusual time, but it is bright red in colour. When 
added to drawn blood, the iodide renders the coagulation loose and feeble, but 
does not stop the process altogether, possibly because ita molecules do not 
come into such minute contact with the blood as when they are brought into 
union with the blood in the lungs. The upper surface of blood charged 
with the iodide becomes oxidized quickly in the air, and exhibits a bright 
red layer very deep and regular. . 

- The iodide causes little irritability of skin or of mucous membrane. It is 
not disagreeable to inhale, but it excites secretion of saliva. It aleo produces 
vascular redness of the extremities during its inhalation. ; 

In regard to the whole of the amyl-compounds, the properties of which 
I have investigated, I may state that, while they destroy the voluntary power 
of the muscles, they seem in ng way to destroy the muscular irritability, the 
vis insita of Haller. This is proved by the fects that when the animal lies 
most prostrate any muscle or any group of muscles can be called into brisk 
action by the application of the galvanic stimulus, and that when an animal 
is actually destroyed by- them, the muscular irritability remains for many 
hours after death, When the nitrite is employed as the destructive agent, 


ON THE PHYSIOLOGICAL ACTION OF CERTAIN AMYL COMPOUNDS, 279 


the musoular irritability of the heart is retained in some cases for go long a 
priod as eighteen hours; hence I think it follows conclusively that the 


- infuenoe of the poison is exerted mainly on the nervous centres, and that the 


stimulus to muscular action or the tension of force derived from those centres 
is imply reduced or withdrawn. I conceive also it is another fair inference 
to suppose that the compounds exert their influence first on those portions 
ofthe nervous organism from which the motor power, as apart from the sen- 
wry and conscious, is derived. 

Before closing this descriptive section of my report, I would add that, in 
the experiments to which attention has been drawn, dogs, rabbits, and guinea- 
pigs were the animals subjected to observation. To make the experiments 
strictly fair, to forbid any suspicion to the effect that the differences or even 
the analogies observed were due to peculiarities of the animals, one animal, 
a strong guineapig, was subjected at intervals of ten days to the ‘extreme 
action, short of actual death, of the various compounds submitted to exami- 
nation. ; 

Pracrican Conciusions. 


It remains for me now, in a few short paragraphs, to sum up the lessons 
which are taught by these experiences. 


I.—In the first place, something is added to our knowledge of therapeutics 
or rational principles of remedies. This is hardly perhaps the place to descant 
on special remedies for the treatment of disease, and I shall forbear on this 
point; but I may state generally that, according to present knowledge, none 
ef the amyl-compounds can be said to replace either ether or chloroform as 
anesthetics: amylene, the best of the series, is known not to be free of 
danger, and it is less manageable than chloroform without being devoid of any 
of the objections of chloroform, except the one, that it does not so often 
produce vomiting. This advantage, though most important, is after all insuf- 
ficient as a single favourable recommendation. 

But there is one direction towards which our minds cannot fail to be di- 
rected, and following which we may expect useful results in a therapeutical 
inquiry,—I refer to the application of these substances as remedies in certain 
convulsive and spasmodic diseases, in which the symptoms are obviously in- 
duced by morbid sensibility or excitability of the motor tracts and centres of 
the nervous system. When we know that in these agents we possess reme- 
dies which produce lessened action of the motor force resident in nervous 
matter, but which at the same time affect the-consciousness in a secondary 
degree only, and do not affect the muscular irratibility at all, we cannot but 
be impressed with the feeling that they would largely control the nervous 
excitation in cases where that is dangerously and fatally called forth. I 
refer more particularly to cases of tetanus or locked jaw. Here I think it 
would be rational to bring these agents into requisition as remedies, and 
comparing the agents one by one, and after studying carefully their effects, I 
should conclude that the iodide of amyl would on the whole be most pro- 
mising. It has the advantge of being readily administered by inhalation ; 

it produces less muscular excitement than the nitrite, and it is, I believe, 
chemically a safer preparation; it does not so determinately check oxidation 
as the rest; it promotes secretion; it is more permanent in its effects than 
amylene, and it 1s less persistent than either the acetate or the amylic alcohol. 
In a case of hopeless tetanus I should have no hesitation in administering 
iodide of amyl until decided reduction of nervous excitability was indicated, 
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nor do I doubt the possibility of sustaining such reduction of irritability for - 


several hours. 
The iodide of amyl might possibly also be found useful as a means for 


bringing forth the medicinal virtues of iodine iteelf in the many cases for . 


which that element is now, under other forms, so usefully employed. It . 


would make, for example, an excellent embrocation for glandular enlarge- 
ments, and would come in efficiently in other ways, as will occur to every 
medical practitioner. It 1s unnecessary, however, to dwell on these matters ; 
having pointed out the physiological bearings of the question and framed the 
institute, I leave the practice to experience. 


II.—In the second place, a lesson is taught by these researches relative to 
the possible cause, or to some allied cause, of certain diseases as yet most 
obscure in reference to their causation. I showed last year that the nitrite of 
amyl produced a condition of system closely allied to the disorder known as 
catalepsy. On this occasion I have indicated that another of these compounds 
produces symptoms analogous to those which characterize the discase known 
as sleep-walking or somnambulism. But it will further occur to the mind 
of the philosophical pathologist that hysteria and certain sudden and as yet 
unexplored forms of paralysis of voluntary muscular power, following peculiar 
dyspeptic derangements, admit of explanation on the hypothesis of a perverted 
animal chemistry, and the formation.in the organism iteelf of a substance 
made from the same organic material and approaching in character one of 
. these amyl-compounds. If, as we know is the fact, a peculiar fermentative 
process of amylaceous material out of the body leads to the production of tho 
base of the amy] series, it is hard to avoid the thought that in the body, 
where the zymosis of amylaceous matter is a constant process, no similar per- 
version should occur. 


III.—The last lesson suggested by this research relates to the modifications 
of action exhibited in animals by charging them with the same chemical base 
but with diverse compounds of the base. A very shrewd and profound 
question was asked me last year by Dr. Heaton of Leeds, when my report on 
tho nitrite of amyl was read, to this effect:—lIs the action of the compound 
due to the base, or to the compound as a whole? I was unable then to 
answer that question properly. Now I can answer it; and I do so by 
saying, that in the midst of the phenomena observed the base amyl is, if I 
may use such an expression, the key-note, but variations are introduced as 
new elements are added. The order of variation is most interesting. We 
take a simple hydrocarbon, the hydruret of amyl, and we have an almost ne- 
gative body acting not unlike nitrogen and destroying motor force and con- 
sciousness partly but no more. We introduce the element oxygen into the 
inquiry by using the hydrated oxide of amyl or the acetate, and there is 
added to the above-named phenomena violent and persistent tremor. We 
move from this to another compound, and bring iodine into the field, and the 
phenomena now embrace free elimination of fluid from the body, vasculanty 
of the extreme parts with increased action of the heart and of respiration. 
We change the combination once more to bring nitrogen and oxygen into 
operation with the base, and the vascular action is raised beyond what is 
seen from any other known substance, {o be followed by a prostration so pro- 
found that the still living animal might for a time pass for dead. 

It seems to me, but I put out the thought with the profoundest sub- 


mission, that in these experimental truths, so simple and yet 50 striking, | 
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we have presented to our minds a new line of therapeutical inquiry run~ 
ning somewhat parallel with that line of inquiry so prominent amongst our 
learned and more exact brethren of the Chemical Section, which they follow 
under the term “the law of substitution.” Iwould ask,—Is there not a 
physiological law to be worked out similar in character ? and might we not by 
looking into it become more sure and determinate in our knowledge and 
application of medicinal remedies? What if, after having learned the exact 
action on the economy of the organic bases, we followed the chemist, and 
by taking the compounds moulded on those bases, we learned their true phy- 
siological values? Surely, if we did this, long though the labour should be, 
we might in time venture to lay down. 
“ This osier cage of ours 

With baleful weeds and precious juiced flowers "— 
and without forgetting the words of that wise friar, whom we of physic still 
eo blindly follow, 

“ Oh mickle is the powerful grace, that lies 

In herbe, plants, stones, and their true qualities,” 

might begin to approach to that accuracy of knowledge, the absence of which 
mekes us so weak and the charlatan so presumptuous; the possession of 
which makes the other physical philosophers so proof against presumption 
and so proudly certain in their stupendous knowledge. 

In conclusion, were I a youth, just entering one of the best professions, I 
should be glad to devote my first years simply and solely to the branch of 
therapeutical research which I have here so faintly sketched out. As it is, 
I can but feel fortunate in that, supported by the fostering care of this Asso- 
ciation, I have been enabled to do even so much as turn the first sod in this 
great and novel field of labour,—I mean the investigation, physiologically, of 
the organic chemical compounds on a plan that aims at least at a principle in 
science, however obscurely it may have been propounded. To say I shall be 
happy to do more, and again to lay what-I may have done before this Section, 
is to say the least I can in return for tho kind consideration I have received 
st your hands, 


Report on further Researches wn the Lingula-flags of South Wales. 
By Henry Hicks. With some Notes on the Sections and Fossils, 
by J. W. Satter, F.G.S., A.L.S. 


THe district to which the following Report refers, and for the examination of 
which a grant was made at the Meeting of the British Association last ycar, 
is in the N.W. of Pembrokeshire, and in the immediate neighbourhood of 
the city of St. David’s. The principal section occurs to the 8. and S.E. of 
St. David's, along the north coast of St. Bride’s Bay. It is, moreover, 
bounded by two well-marked faults, which run up in a N.-westerly dircc- 
tion, and which serve rather to isolate it. One only of these faults is marked 
on the Survey Map, that forming its eastern boundary, and which may be 
seen running up almost immediately behind the now well-known creek of 
Porth-y-rhaw, and which cuts off the upper and principal part of the Middle 
Lingula-flags, leaving only a few hundred feet to rest conformably upon the 
Lower Lingula-flags. The western fault occurs directly to the south of 
§t. David’s, at a place called Nun’s Well, and just at the spot where the 
Conglomerate and lowest Cambrian beds are exposed on the coast line, so 
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that within the boundary of these two faults we have an exposed section of 
all the Lower Cambrian beds, the whole of the Lower Lingula-flags, and a 
part of the Middle Lingula-flags, following one another in true succession. 

I have taken three parallel sections across the line of strike, as follows :-— 

1st. Cacrbwddy section, to the west of Porth-y-rhaw, including nearly the 
whole of the Lower Cambrian beds exposed in this neighbourhood, and above 
400 feet of the Lower Lingula-flags. 

2nd. Porth-y-rhaw section runs along the east side of that creek, and in- 
eludes the uppermost beds of the Lower Cambrians, and nearly the whole of 
the Lower Lingula-flags. 

3rd, or Cradle Rock section, includes the remaining beds of the Lower Lin- 
gula-flags, and the Middle Lingula-flags as far as they are exposed here in 
true succession. It extends from a point inland of Porth-y-rhaw to the 
Cradle Reck—the latter an islet about midway from Porth-y-rhaw to the 
mouth of Solva Harbour. The first, or Caerbwddy section, cuts across the 
beds in a direction from N.W. by N. to 8.E. by 8., and includes about 1980 
feet of conformable strata, comprising, in ascending order,— 


Syenite, 


eweecaonvoveasevaneerenvnevoenenveeseseweneseeon eee eee 


3. Purple sandstones, massive .......cccccceescccececes . 860 
. A variable series, Yellowish sandstone and Lower 
4, Upper Grey 


shale in thin beds, and grey grit, with( 94, | Cambrian. 
series ., 


purple bands in thick beds, a few beds 
of purple slate among them.......... 
a. Hard grey compact beds ...........0.. 100 


6. Black and dark grey striped shales, with 


5. Fossiliferous U 
interbedded trap ......ceserceens me 3904 Cambrian. 
1980 


The lowest third, or base of the fossiliferous series, is especially worth 
notice, as resembling very nearly in lithologieal character the immediately 
underlying Lower Cambrian beds, and distinguished from them only by the 
absence of the purple bands. It must be understood also that the absence 
of these bands by no means contradicts us in assigning these fossiliferous 
beds (No. 5 a) to the upper portion of the trae Lower Cambrian or “ Harlech 
Grit” series, since many beds of the immediately underlying series are as free 
from purple colour as are any of these. Purple and red beds, moreover, are 
not found to be favourable for the exhibition of organic traces. In the true 
purple beds (No. 3), and, indeed, in the whole of the Lower Cambrians of this 
district, worm tracks only have as yet been found, though it is to be hoped 
that the presence and truc position of the Oldhamia will also be determined 
here ere long. 

As we ascend from the coarse-grained compact beds already mentioned, 
the beds gradually become darker in appearance, of a finer grain, and moro 
flag-like ; the dip is very high, and often vertical. 

The 2nd, or Porth-y-rhaw section, extends along the east side of that 
creek, in a direction from N. by E. to 8. by W., includes about 700 feet of 
strata, nearly all fossiliferous, and shows the most perfect section of the Lower 
Linguls-flags anywhere exposed in this neighbourhood. 

It begins in the Grey grit, or lowest fossiliferous beds (5a), and upon 
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these, in ascending order, lie the Grey flag with black bands, and the true 
black beds (5 5), all well marked, and easily traced through their transitional 
states into one another. The passage, moreover, is quite perfect. The upper. 
part of this section contains a thick bed or two of trap,—a circumstance com- 
mon throughout the Lingula-flags in this district, as also occasionally in the 
Upper Grey series of the Lower-Cambrian, though I have never seen it occur 
lower down. Mr. Salter has found it abundantly in the same beds in North 
Wales. 

The 3rd, or Oradle Rock section, is a continuation of the second. The first 
beds im this section are the thick sandstone ones which terminated section 2; 
and upoh these we have thin alternating beds of sandstone and shale of a 
dark grey colour, fossiliferous, and ocoupying a thickness of about 250 ft.; 
next, a series of beds still dipping in the same direction for about 450 ft., and 
compoeed of grey flaggy sandstone in thin beds, alternating at first with dark 
grey or black shale, and afterwards with yellowish shale. These last are 
evidently the base of the Middle Lingula-flags. After this the beds curve into 
a synclinal, which is again repeated about 600 ft. farther on, so that but a 
portion only of the Middle Lingula series is in consequence exposed here. 
The general section thus sketched includes about 3000 ft. of conformable 
strata, and may well be looked upon as the typical section. Several other 
sections are also exposed inland, and along the coast, but in no case do we 
find one so continuous or uninterrupted by faults. Again, all others that I 
have examined, and which I may eay include all the chief Cambrian masses 
exposed in N.W. Pembrokeshire, tend in every case to prove tle facts exhi- 
bited clearly in this one. In most cases I have found the lithological charac- 
ters of the beds, the thicknesses of the various series, and the fossils, when 
present, to tally in every particular with this section. 

In section 2, or that of the east side of Porth-y-rhaw Creek, we meet with 
all the principal fossil types. By means of a fault, the purple-stained beds 
(4) are immediately followed by a set of beds, excepting in colour, appa- 
rently identical with them, hard Grey grit (5a) in thick compact beds, which, 
as in the first section named, appear to be the top of the Lower Cambrian. 
In these beds, and within a few feet of true purple beds, I found a new 
Paradorides,now named P, Aurora ; associated with it a new Conocoryphe, of 
large size; a new Theca, a Lingulella, an Obolella, and fragments of Agnostus 
and Microdiscus. Unfortunately the first two are very fragmentary as yet, 
but there is quite enough to pronounce them new; and the Paradowides 1s a 
very peculiar species. Fragments of these lowest fossils are also found in the 
creek to the west of Porth-y-rhaw, and through which I have taken section 1 ; 
and at two or three other places, where they hold exactly the same relation 
to the underlying purple beds, and to the series above. Though the purple 
band series have not yet yielded any definite traces of these higher forms of 
fossils, we are scarcely, I think, warranted in looking upon that as proof of 
their absence; neither is it, I think, likely that so rich, though limited, a 
fauna should come so suddenly into existence. About half a dozen only of 
the lowest beds are distinctly fossiliferous, the succeeding 150 ft. having 
yielded scarcely any traces as yet, though we may expect to find them. 

These last beds are much lighter in colour, being a grey grit, and having 
only afew narrow dark bands. Rather abruptly the beds now become darker 
in colour and of a finer grain,—a dark-grey flag. In these we meet with 
Parad. Hicksii, not a new species, but one described already as P. Forchham- 
mert, from some unknown locality in North Wales, according to the testimony 

of my colleague, Mr. Saltcr, who has been trying for the last twenty years to 
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find out the true position and locality of this fossil. Associated with this 
second species of Paradoxides are three or four other trilobites, two or three 
shells, d&c. 

From this point the beds become still darker in colour, black, flag-like, 
and slaty beds, full of fossils. A small cavern marks a good line for these 
highly fossiliferous beds, and here we meet with numerous new species, and. 
even genera, which are not found elsewhere. The beds between the caverm 
and the traps are the chief repository of our species; and I will mention 
more particularly as occurring there two or three new species of Sponge, a 
Cystidean or two of undescribed form, several minute Brachiopoda, which 
range through a considerable space, and a host of trilobites, of which the 
more conspicuous genera are Agnostus, Microdiscus, Conocoryphe of four or 
five species,"a new genus ?Hrinnys, allied to Harpides, a new genus Holo- 
cephalina, and last of all, the great Parad. Davidis, already well known to 
British geologists. It sometimes attains the length of 18 inches. 

The genus Zheca here, as elsewhere, accompanies the primordial fossils ; it 
is in considerable abundance, and of two or more species. 

From a Table which contains the distribution of the fossils in these beds, 
and which has been carefully drawn up according to observations made by 
Mr. Salter and myself during the last three years, we are enabled to observe 
how that many of these species were very short-lived, whilst others on the 
contrary ranged through considerable spaces, more particularly the smaller 
species, such as Agnostus, Microdiscus, Lingulella, Obolella, &. This Table 
also shows altogether 6 or 7 new genera of trilobites and about 16 species, 
and with brachiopod and pteropod shells, Cystidee and Sponges, an addition 
within the last three years to British paleontology of about 33 new species, 


Notes on the Sections and Fossils. By J. W. Sarren, A.LS., F.GS. 


I inp but little to say regarding the fossils, my friend and colleague having 
forestalled me, and completed in a masterly way the section I roughly 
sketched out in 1862. The district around St. David’s will soon become 
popular, as it exhibits the most accessible section of the Cambrian rocks, 
Lower and Upper, to be seen anywhere in Wales. Those in the estuary of 
the Ffestiniog valley are perhaps more complete, but are not seen, except 
partially, in coast sections; and nowhere in one continuous series. Morc- 
over, lying at lower angles of dip, they are extended over a much greater 

ace, 

Of the following list of 33 species—an ample fauna for the purpose— 
I may say at once, there are none common to other horizons of the palseozoic 
group, and as the thickness of the series is considerable, 3000 or 4000 feet, 
we only follow the precedent of older and better geologists by proposing a 
new name. The classic name of the district is Menevia, and we propose 
that the term ‘ Menevian’ should stand for the Lower, as the ‘ Ffestiniog’ of 
Prof. Sedgwick already stands for the middle and upper groups of the Lin- 
gula-flags. The ‘Menevian’ group, therefore, rests immediately on the 
Har coh’ or Bangor group of Prof. Sedgwick, and passes imperceptibly 
into it. 

The Cambrian groups will then stand as follows :— 

. Tremadoc group (Upper and Lower). 

UpperCambrian (Lingula-flags) { Ffestiniog group (Ll a-flags). 

Menevian group (Lower Lingula-flags). 
Harlech group (Grey grits and purple beds). 
Tower Cambrian ........ vees tangmynd group (sandstones and conglome- 
rates ). 
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Fossils of the ‘ Menevian group,’ or Lower Lingula-flag. 


Black Slate series. 
Base of Upper Cambrian. 
Lower Lingula-flags. 


Upper Grey series. 


| 
l 
{ 
| Lower Cambrian. 
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a SO SO 

This list will surely be increased. But it may serve already to show tho 
near resemblance the group bears to other parts of the Lingula-flag or Upper 
Cambrian series in some points, and the wide difference in others. All the 
species are distinct. Many of the genera are only known here at present, 
e. g. Puradosides, Microdiscus, Anopolenus, Erinnys, Holocephalina, and the 
peculiar sponge, Protospongia, The Cystidean may be different from others, 
But we cannot yet prove this, though it sccms likely. ; 

In beds higher up in North Wales Olenus is found. But of this more 


The “ Menevian group” is distinguished by possessing the largest and 
smallest of Trilobitee—those with the most multiplied segments, and those 
with the fewest. Paradowides, Erinnys, and Olenus are the opposites in every - 

of Agnostus with 2, and Microdiscus with 4 segments to the body. 
Indeed Erinnys (if it can be thoroughly separated from Harpides, which we 
doubt) has nearly the greatest number of free segments known in the order 
more than Paradoxides; but probably fewer than Harpes. ; 


* The length of the lines indicates the range of the species, long or short, as the case 
may be. 
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We have here a larger proportion of blind Trilobites, and those without 
facial sutures, than in higher formations. Agnostus, Microdiéscus, and Erin- 
nys are destitute of facial suture, and probably of eyes. Holocephalina seems 
to have been furnished with very minute eyes, so far out as nearly to be lost. 
And Anopolenus, while it has immense eyes, has a most singular restriction 
in the development of the free cheeks, and is in many respects abnormal. 

The Brachiopods are such as we were led to expect. Minute and almost 
rudimentary forms of Jengule and Discine, with some kindred genera, form, 
with Theca, the whole of the shells. The Sponge seems to be a peculiar form ; 
yet not so different from the Silurian ones as at first supposed. The fibres are 
very rudimentary in structure. The Cystidean is as yet imperfectly known. 

Perhaps the most curious point about this fauna is the greater resemblance 
it bears to the Bohemian primordial group than is borne by any other 
member of the Lingula-flag. The Paradexides which mark several distinct 
horizons here, are not known in the Upper Lingula-flag. The species of 
Conocoryphe resemble Bohemian: and Spanish types. Erinnys or Harpides 
is like the Bohemian species. Holocephalina resembles Arionellus, dc. 

If from such scanty indications we may judge anything, it would be that 
the Bohemian primordial group represents our Lower, and not our Upper 
Lingula-flags. These last are rich in. Olenus, a genus absent altogether from 
Bohemia, but abundant in Northern Europe. It 1s accompanied, according 
to Angelin, by Paradoxides in Sweden. But with us, the genera follow a 
very regular order. Puaradowides appears first, Anopolenus second, and then - 
various species of Olenus last. 7 7 : 
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Paradoaides Davidis occurs in black slates on the same horizon at the-gold- 
mines of Dolgelly, North Wales (see Decades, Geol. Survey, No.-11, Pl. 10). 

We have included in our list those‘species found in the uppermost grey beds 
of the Lower Cambrian; but all may for the present be included provisionally 
in our ‘ Menevian’ group. — oO 


Report of the Lunar Committee for Mapping the Surface of the Moon. 
By W.R. Birr, at the request of the Committee, consisting of James 
GuatsHERr, F.R.S., Lord Rossr, F.R.S., Sir Joun Henscuet, Bart., 
F.R.S., Professor Puriiies, F.R.S., WARREN DE LA Ruz, F.R.8., 
President of the Royal Astronomical Society, Dr. Ler, F.R.S., Rev. 
W. R. Dawes, F.R.S., Rev. T. W. Wess, F.R.A.S., J. N. Locnyer, 
F.R.A.S., H. 8S. Exris, F.R.A.S., and W. R. Brat, F.R.A.S. 


Tue first object of the ‘Committee appointed at Bath in the year 1864 was to 
prepare forms suitable for the registration of lunar objects, for recording 
original observations, for facilitating the formation of a catalogue, and for 
, computing the coordinates of the positions of objects. The results of the 
. labours of the Committee are now presented to the Association in the shape 
of Form No, 1, for recording observations; Form No. 2, for facilitating the 
arrangement of objecta in a catalogue; Form No. 3, for recording the posi- 
tions, extents, heights and depths, brightness and alignments of lunar objects, 
with descriptions, synonyms and references to existing authorities ; and Form 
No. 4, for computing positions of the second order. The annexed form is 
that for recording general observations of the moon. | 
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General Observations of the Moon, made at the Observatory, 
By 
Telescope Eye Piece 


Subjects of Observation. 
Brightness. | Reference. 


No. 


1 2 8 4 5 6 


This Form is intended to be bound in volumes for use in observatories. It 
contains the usual columns for registering the year, month, day and hour of 
observation, a wide column for the reception of the observations themselves, 
and two additional columns, one for the registration of the brightness of objects, 
the other for receiving a.symbol of reference on which a word or two in ex- 
planation may be appropriate. 

Whatever object may be the subject of observation, either physical or 
micrometrical, as soon after the observations as may be convenient, the pro- 
per symbol of reference which is described in Form No. 2 is to be inserted in 
the last column against the name or description of the object observed ;- and 
as Form No. 1 is intended as a chronological record of observations of all’ 
kinds, the entries in this column will indicate the proper sheets of Form No. 3,. 
in which the data obtained by observation are to be entered. Employing s 
commercial simile, Form No. 1 is the day book, Form No. 3 the ledger, and 
Form No. 2 the directions for posting. 

A vast amount of detail having reference to the moon’s surface has been 
accumulating since the time of Hevelius, but up to the present period a 
systematic arrangement of the objects discoverable on the surface has not 
been attempted ; for although Beer and Midler in their “ Der Mond” have 
arranged the descriptive part of their work in quadrants, commencing with. 
the north-west and ending with the south-west, it embraces only the most 
conspicuous objects; numerous features, some even of large extent, are. 
entirely passed over, and indeed those which have been noticed by Beer and: 
Madler form a very small portion of the objects that may be detected with a; 
telescope even of small aperture, or an object glass of two or three inches. 
diameter. It is also not a very easy matter to arrange objects on the moon’s 
surface, inasmuch as they are unlike those celestial objects which have been 

in catalogues. The fixed stars, double stars, variable stars, and 
nebuls: find a natural arrangement in the order of right ascension ; not so the 
objects on the moon’s surface; it is true they are invariably situated with 
regard to the central meridian of mean libration, but to arrange them in the 
order of selenographical longitude east and west of the central meridian, it 
is mecessary that the position of each should be rigorously determined, 8 
work that still remains to be done, and it may be many years before it can’ 
be accomplished. 

In order to meet this desideratum, the Committee have drawn up and 
issued the following Form (No. 2) for facilitating the arrangement of a cata- 
logue by means of symbols; and in accordance with it more than 1000. 
objects are now symbolized and entered in Form No. 3. 
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"Form No.2.) British Association for the Advancement of Science.—Lun ar 
Comarrre.— TasLE or AREAS, 


Zones and Limiting Latitudes. 
{ 
Limiting’ I. Il. Il. IV. V. VI. VII. VII. 
longitades. 0° to 5° 5° to 10°. 10° to 15°. 15° to 20°. 
i>] 
Oto 5 Aa Ae AA A® 
5 ,, 10 AB All AK AP 
10 ,, 15 A Af AY ¢ 
15 ,, 20 A At Aé AT 
20 ,, 25 AS AK Ae AY 
25 ,, 30 Ba BS B\ BY 
30 ,, 35 BS BR? Be BP 
35 ,, 40 B B? BY B? 
40 ,, 45 B BE BE Br 
45 ,, 50 Be B* B? BY 
50 ,, 55 ce ce cA cr 
55 ,, 60 cs Cc” cH c | 
60 ,, 65 C oy ce 
65 ,, 70 Cc ct ct cr 
70 ,, 75 ce c* Cc? cv 
75 ,, 80 pe Dé pA D* 
80 ,, 85 DB Dp? DE pe 
85 ,, 90 DY p? Dp” Dp’ 
a ) Cc d 
Limiting 1X. X. . XII. - XII. XIV. XV. XVI 
longitudes. 20° to 25°. 25° to 30°. 30° to 35°, 35° to 40°. 
5 
Oto & A? Ee 4 EA 
5 A EE ry Ee 
10 ,, 15 A E ig kY 
15 ,, A” E Ee RE 
20 ,, A E¢ E* yg 
25 ,, 30 Be Fa K FA 
30 ,, 35 Bx FS F2 Fe 
35 ,, B F Fo Fr” 
40. 45 BY F K FF 
45 ,, B Fé F* F° 
50 ,, 55 ce qe red G 
55 ,, 60 Cc Gi3 qQ” GH 
60 ,, 65 oO re gq? Ga” 
65 ,, 70 ce G at gé 
70 ,, 75 C qe G* qe 
75 ,, 80 D? He He H 
&5 ,, 90 D HY H 9 nH” 
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Oto & EY Ef 1% 4 
ie . iB he E I 10 
15, 20 Er ke I I! 
20 ,, 25 KY BH qé I 
5, 30 F* Fe K2 Ke 
33" 40 ye iv Kv ie 
40, 45 Er Fe K KS 
45, 50 FU F Ke K* 
| 50 ,, 55 ar ae Ls ui 
| rs . es qe q L 1? 
| 65; 70 qr qv L Lt 
! 70 rh) 75 hd G Lé L* 
75 4, 80 H® H¢ Ma Me 
| 80 9? 85 HP HY te M? 
| 85 ,, 90 H° MY M 
$ k i m 
_ limiting XXVIII. XXVIII 
longitudes. 85° to 70°. 
bto 8 
5, 10 
10, 15 
, 15,20 
| 0, 2 
; 25 ,, 30 
| 0, 3 
| $5, 40 
| 40, 45 
' $9 50 


TIRE 


- 
= 


RSI SeSes ASeey 
3 


SRE 
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290 _ REFORT— 1865. 


: Tamiting [XXXIII. XXXIV.| XXXV. XXXVI. 


longitudes. | 80° to 85°. 85° to 90°. 
bto 8 NS NA 
5 ,, 10 N1 NE 
10 | 15 N Ne 
15 ,, 20 N. Latitude ...... 
20) 28 N* Ne W. Longitude * } Quadrant 1 
25 ,, 30 08 oA N. Latitude tadran 
3 ” yr 08 OY E. Longitude oe }e 1 
40 ,, 45 ot o§ 8. Latitude | 
45 ,, 50 o* 0° E. Longitude ... } Quadrant TI. 
50 ,, BS pe pA : 
” S, Latitude ...... 
” Bp ade .. 
Be " oi . Fe PY W. Longitude “| Quadrant TV. 
65” 70 pe pe 
70 ,, 7 pr pe 
75 ,, 80 Qé Qs 
80 ,, 85 Qh 
85 ,, 90 Q Q” 
i r 8 


Taste for facilitating the Arrangement of a Catalogue of Lunar Objects. 


The preceding Table is based upon the following considerations :— 

It is proposed to divide the visible hemisphere ofthe moon into four qua- 
drants, as in Beer and Midler’s map, which are numbered as follows:—N.W.f., 
N.E. IL, 8.E. 1I1., 8.W. IV. 

Each of these quadrants to be subdivided into sixteen grand divisions, as 
under, distinguishing the space between 


of long. of lat. . of long. _ of lat. 

re ° e e 

O to 26 and 6 to 25 by the letter A. | 0 to 25 and 50 ta 75 by the letter I. _ 
25,50, 0,25. ,, B. 25 ,, 50.,, 50,, a! K, 
60,75 , 0,25 ,, C 50 ,, 75 , 60,75 5 L. 
76 ” 90 ,, 0 n 25 99 D 75 ,,90 ,, 50, 75 ” M. 
O ,, 25 » 2 ,, 50 on” E 0, 25 - ,, 75 ,, 90 ? N. 

25 ,, 50 ,, %,, 50 -,, F 25 ,, 50 ,, 75,80 5, 0. 

60, 75 ,, 26,50. ,, G. | 60,75 , 75,90 P. 

76,90 , 2, 50 |, H. |°75,,90 , 75,90 4 Q 


These grand subdivisions to be still further subdivided into spaces of 5° of 

- longitude and 5° of latitude. Hach of the nine grand subdivisions included 

between 0° and 75° of longitude and 0° and 75° of latitude will thus be divided 

' into twenty-five smaller spaces, and distinguished successively by the twenty- 
four small letters of the Greek alphabet in their order, leaving one divisign 

blank, which will always be the last, in each of the nine divisions. - 

In each of the spaces included between 0° and 75° of longitude and 75° and 
90° of latitude, designated by the lettera N, 0, P, there are only fifteen 
smaller spaces, which are distinguished by the first fifteen small letters of 
the Greek alphabet. a 

In each of the spaces included between 75° and 90° of longitude there are 
only fifteen portions or areas of 5° of longitude and 5° of latitude, and these 
are distinguished by the three of the first five Greek letters in each corre- 

‘onding group of five in the same parallels of latitude. 
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By this arrangement objects situated in any area of 5° of longitudé and 5° 
of latitude may be readily designated, and very readily so after a little prac- 
tice, every space on the moon being thus classified and designated by a Roman 
Capital with a small Greek character as the index: thus an object situated 
between 40° and 45° of longitude and 25° and 30° of latitude will be desig- 
nated by F*, while another situated between 20° and 26° of longitude and 
20° and 25° of latitude will be designated by A without the Greek index, It 
is intended to distinguish the separate objects by the Arabic numerals, thus, 
Ass. 7 

It is intended to collect in Tables various information appertaining to each 
object—as its selenographical coordinates, degree of reflective power, height 
or depth as the case may be, accompanied by references to more detailed 
descriptions, previous notices, drawings, and maps, including photographs, 
each separate Table being headed with one of the symbols in the annexed 
Table. Thus the Table which is intended to include all objects between 5°. 
and 10° of longitude and 10° and 15° of latitude in Quadrant I. will be headed 
I. A*; in Quadrant II., II. AH; in Quadrant III., III. Av; and in Quadrant 
IV., IV. As. : 

When a sufficient number of objects are entered in the above-mentioned 
Tables, it is intended to arrange them in zones of 5° of latitude, each zone 
consisting of two parts, west and east, the dividing line being the central 
meridian, 0° of longitude, mean libration. The zones are arranged as in the 
preceding Table; in which the numerals indicating zones I. and II., each from 
0° to 5° of latitude north and south of the equator; -III. and IV., each from 
5° to 10° of latitude also north and south of the equator, and so on, to zones 
XXXYV. and XXXVI._, are placed over the respective latitudes which deter- 
mine them. By this arrangement zones I., III., Y., VII., &c. belong to the 
north part of the moon’s visible hemisphere in Quadrants I. and II., and 
zones II., IV., VI., VIIL., &., to the south part of the moon’s visible hemi- 
sphere in the Quadrants IV. and ITI. 

In those instances in which the longitudes of objects exceed 90°, being 
brought into view by changes of libration, the nomenclature is carried on; 
for example, an object having 93°'W. longitude and 3° N. latitude is desig- 
nated by the symbol I. D*. 

In respect to the use of this Form, the Mare Orisium may be adduced as 
an example of employing the symbols for designating objects. The surface 
of this Mare is extended upon twelve areas, as follows :— 


and upon these areas various craters and other objects are found. Beer and 
Midler give ten craters on their large map, and on the small one, published 
in 1837, Midler gives fifteen additional, but small craters. -In the year 
1863 I ascertained with the Hartwell Equatorial two additional craters to 
those on the large map, also a small pit-like marking west of Picard. During 
the year 1865 the existence of several more has been ascertained, so that 
now at least forty-nine are known, exclusive of fourteen of the fifteen addi- 
tional craters given by Midler in 1837 *. . 

* The fourteen craters here alluded to require identification; ten of thém are situated, 
according to the map, south of IO“! and 10” *, near the S.W. border of the Mare Ort- 
siuan, one to the west of and in a line with IC“ ' and 10° ® and the rest south of Picard, 

x 


~ 
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The following Table exhibits the mode in which the existence of an object, 
when once ascertained, may be readily recorded, and the object itself so 
designated that very little, if any, difficulty may be experienced by future 
observers in identifying it. It is intended that the symbols appropriated to 
the objects described shall bo unalterable, I C*', for example, always pointing 
out the crater Picard. The forty-nine objects symbolized in the Table have 
been entered in Form No. 3. | 


Craters on and near the Mare Crisium, arranged in order of Areas of 5°. 


No. |Symbol. Description. 


Ic. 


1.} 10°" | Schriter’s * Picard.” 

2.| r1o** | An ancient ring near the §.E. border... voces 

8.| 10°" | A deep crater N.W.of IC°7(a. B&M.). | —..... 

4.1109 An ancient ring between Picard and the| Aug. 31, 1863. 

. & ass, 

5 | 10*7" A minute crater near KE. Pass .....000...-..-| Oct. 28, 1863, | Webb. 

6. yc*® | A minute crater between I 0° and I C**.| Oct. 28, 1863. | Webb. 

7.1 rO¢'!| A small crater on E. branch of Schroter’s | Oct. 5, 1865. | Knoté and Birt. 

xs forked ridge. 

8.| IC A small crater W. of IC*? ....0.......00000. Nov. 4, 1865. | Knott. 

9.) TON? A omall crater W. of LOO ea Noy. 4, 1865. | Knott. 


= 


I 


1c"! A small crater between Prom. Agarum | Jan. 6, 1794. 
and Schroter’s forked ridge. 


IC”? | A small crater W. of 1C*? (Picard) ...... Dec. 12, 1864. 
1c’ A crater on the E. branch of Schroter’s | Oct. 5, 1865. 
by! A 


1C”* | A minute crater 8. of IO” ?........ccccece. Deo. 12, 1864. 
1c*® | A crater on the W. branch of Schréter’s | Oot. 5, 1865. 


roel) , reer 
A small crater near the 8S. border of M. | Nov. 4, 1865. 
um. 


13 : 
IC 5 A small crater BE. of LO" "! ......cccccsesse: Nov. 4, 1865. 
IO. "| A small crater N. of LC" ooo. cceccceee Nov. 4, 1865. 
A small crater E.N.E. of 10" '4,............ Nov. 4, 1865. 


1c" 
1c""*| A small crater on the W. branch of | Nov. 4, 1865. 
Schroter’s forked ridge. 


IC’. 

3 
-| LO”” | A small crater between 10"! and Prom. | Jan. 6, 1794. 
’° | A small orater just E, of Prom. Agarum. .| April 29, 1865. 


.| IC 
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ae Date of dis- . 
Description. covery. Piscoverer. 
1c”. 
Beer and Madler’s “ Picard A.” 
Beer and Madler’s “ Picard B.” 
A emall crater nearly N. of IC*' (Picard)| Aug. 8, 1865, | Ingall. 
A minute crater nearly N. of IC’ (Picard)| Oct. 7, 1865. |-Bird. 
A crater in the interior of LO"! 0...) eee Schmidt. 
A crater on the exterior W. wall of 10” !.| Oot. 5, 1865. | Knott and Birt 
On the N. extremity of the ridge W. of the| = ------ Cassini, 
E.. pase (B. & M.). 
A omall crater 8. of LO7? o......eeceeeee Nov. 4, 1865, | Knott. 
A small crater E. of IC™’, near E. border | Nov. 4, 1865. | Knott 
of M. Crisium. 
Ic. 
A emall craterN.W. of IC*! (Picard) ....| Feb. 28, 1865. | Dawes. 
A crater on Schroter’s ridge N. of the fork.| Nov. 4, 1865. | Knott 
A small crater near the N. part of Schré-| April 29, 1865. Dawes. 
ter’s forked ridge. 
A amall crater W. of 107 ou... ceceeeeeeee April 29, 1865,| Dawes. 
10”. 
A ring on the W. part of the surface ......| Oct. 7, 1865 Birt. 
A small crater N. of Prom. Agarum ...... April 29, 1865.| Dawes. 
A small crater 8.E. of I C” DB ceccnccesssees April 29, 1865. Dawes. 
A small crater between 10"? and I C”®.-| Nov. 4, 1865, | Knott 
A small crater E. of L0%* ........ssss000-..| Nov. 4, 1865. | Knott 
Ic’. 
A small crater near the W. border of the | April 29, 1865,) Dawes. 
M. Crisium. . 
A small orater N. of 107 7......sssssessseoveee Nov. 4, 1865. | Knott. 
I ox: 
A crater near the N.E. border (F. B. & M.) 
A smaller crater 8,W. of IOX* (B. & M.).| May 8, 1794. | Schroter. 
A orater N. of LOX! cesessceneeseesernes May 3, 1794. | Schrater. 
A small crater 8.W. of 10°. 
To¥, 
_A ring near the N.W. border (B. & M.). 


A small crater N.W. of LO”)... 


49.| 10%” | A amall crater between I CY! and 1C¥*..| May 3, 1794. | Schrter. 


Sn RR Rn oo, 
Note.—Nosa. 6, 29, and 35. The symbols of these craters are queried, as the positions 
of the craters require to be more accurately determined. . 
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In order to arrange the objects seen on the moon’s surface in a systematic 
and orderly manner, with a view to the formation of a catalogue, we must in 
the first instance adopt some means by which we may so fiw an object 
observed that it may ever after in all time be sufficiently identified by a2Z 
future observers. Hevelius laid the foundation of this process, although the 
nomenclature of his successor, Riccioh, has been grasped firmly by the astro- 
nomical mind, so that the larger features and craters are now so readily 
recognized, and in one way or another brought before the attention of astro- 
nomers, that we should as soon expect to lose sight of Sirius, Lyra, Arcturus, 
Capella, Regulus, or any of the brighter stars, as to experience any difficulty 
in identifying Copernicus, Tycho, Plato, Hipparchus, Ptolemsus, Gassend1, 
the Mare Crisium, the Mare Nectaris, or any of the more conspicuous craters 
and regions of the moon; but as there are smaller stars in the heavens 
requiring the aid of catalogues for their exact identification, especially when 
used as.comparison stars in the observations of small planets, comets, &e., 
so in several questions connected with lunar physics, there are ‘small objects, 
forming in many instances portions of the larger features, that require to be 
particularly specified, especially when questions of supposed change obtrude 
themselves and claim a hearing, a small crater or apparently insignificant 
mountain being adduced as evidence. In the present state of selenography 
we cannot say positively of any object ‘“‘it is new.” All questions of this 
kind that may be raised must be left in doubt. Astronomical juries cannot 
agree on their verdicts. A great authority thus expressed himself:-—-“ Al- 
though not in a position myself, after twenty-five years’ close observations of 
this kind, to bring forward even one certain example of new formation, when 
the question 1s confined to crater forms, yet I am far from disputing the fact 
of the existence of new formations on the moon’ *. Close and systematic 
record, as well as close and unremitting observation, is necessary to be able 
to settle a question of this kind, and the record should embrace the results of 
the observations of all observers. The symbols alluded to under the head of 
Form No. 2, to be inserted in column 2 of Form No. 3 (see page 296), appear 
to be suitable for accomplishing this object; more than 1000 lunar objects 
being absolutely fixed as to all future identification by their means, provided 
certain elements, hereafter to be named, are ascertained. 

The next step in the formation of a catalogue is the determination of the 
exact positions of the objects symbolized. This has been done with mare 
or legs accuracy in numerous instances,'the coordinates (latitudes and longi- 
tudes) ef many objects having been settled from observation, nevertheless 
these already settled points will not appear numerous; as the process of 
symbolizing proceeds, they will be found on the 1440 sheets of Form No. 3 
requisite for drawing out the catalogue, few and far between ; and in order to 
increage them, the use of the micrometer, or of a meridional instrument, will 
be essential. There are three methods by which these pointa may be fixed. 
First, by differences of right ascension and declination between the preceding 
or following, and upper or lower limbs of the moon and the object, the lati- 
tude and longitude of which is to be determined. This method was em- 
ployed by M. Bouvard at the Royal Observatory of Paris in 1808 to 1810. 
From a series of 124 such differences in each direction, M. Nicollet deter- 
mined the selenographical latitude and longitude of the crater Manilius, and 
also the amount of the moon’s libration. Second, by measures taken with 
the micrometer between the apparent east and west and north or south limbe 


* See Julius Sohmidé’ icati ‘ i ichten,’ 
+ Lynn, on page 209. 8 communication to the ‘ Astronomische Nechrichten,’ translated 
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of the moon and the object. This. method, proposed by Encke, has been 
employed by Lohrmann and Beer and Midler. Third, by measuring the 
lengths and position-angles of two lines on the moon’s surface; one joining 
two objects, the coordinates of which have been already determined by one 
of the methods above mentioned; the other joining one of the same two ob- 
jects, and.a third, the position of which is to be determined. Tho difference 
of the position-angles will give the angle between the two lines from which, 
with the lengths of the two lines, the position of the third object may be 
known. Beer and Midler employed this method for the determination of 
positions of the second order. 

The latitudes and longitudes of lunar objecta require to be expressed by 
the rectangular coordinates X and Y in parts of the moon’s semidiameter, 
which is regarded as unity. This is for the purpose of properly inserting 
them in a map on the orthographical projection. The latitude of an object, 
which we may call (3, being its distance from the moon’s equator, X is 
equal to the sine of the latitude or , and the expression for X becomes 
X=sin B. The longitude of an object, which is designated A, is its distance 
east or west from the moon’s central meridian on the same projection, which 
is proportional to multiplying the sine of the longitude into the co 
sine of the latitude; for on the equator the longitudes are simply pro- 
portional to the sines, the distance of an object 30° E. longitude, for 
example, from the centre of the moon’s disk on the equator is equal to the 
natural sine of 30° or 0:5; but at 10° of latitude and 30° of longitude, an 
object is nearer the moon’s central meridian in the above-named proportion, 
end the expression for Y becomes Y==sin A cos 8, which, when computed, 
gives 0-49240, and we have X=0°17365, Y=«0°49240. In Form No. 3 pro- 
vided by the Committee the column (2) for the reception of the symbols is 
followed by four (3,'4,5, and 6), for inserting the values of the coordinates 
X and Y, and the latitudes and longitudes. 

Next to position comes size or extent of lunar objects, which may be 
expressed in two ways, and for which the Committee has provided two 
columns, one (7) headed “ Mag.,” a contraction for magnitude, the othor (8) 
“ Miles,”’ in which it is intended to enter the values of the diameters of 
lunar craters in English miles, and also, as suggested by W. De la Rue, Esq., 
in French ‘kilometres. As both these elements, magnitudé and dtametera in 
miles, must be ascortained by measurement~—estimation being altogether too 
rough—e word or two on the methed of offecting it may be acceptable. It 
Is intended to express the magnitude by a number showing the ratio as to 
size which the crater, mountain, or spot, dark or light as it may be, bears to 
one chosen as a standard (Dionysius for example) ; any given measure of the 
standard, which may be called ‘“s”—however the? measures may vary from 
time to time, arising from differences of distance, effect of libration, dif- 
ferences in the lines measured, and other circumstances—is considered equal 
to unity, and if the measures of any other spots, made on the same evemng, 
be designated a, 5, ¢, d, &c., the magnitude m of each will be determined by 


the simple formula m==* rm’ a? m''=:°, and so on. 


8 2 8 8 ; 

For the column (8) headed ‘ Miles,” it is necessary to measure across the 
crater, but as it has been assumed that most of the lunar craters are striotly 
circular, and the experience which has been gained relative to the standard 
Dionysius, appears to point, in this instance at least, to some irregularity of 
form, the determinations of the extent in miles can only be considered as 
approximate. Beer and Midler give a-list-of 149 objects, the diameters of 
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which are expressed in German miles, 
This list in “‘ Der Mond” is preceded by 
a formula for computing the diameters 
from observations, dependent on the 
moon’s distance from the earth, as ex- 
pressed by parallax, the moon’s altitude 
above the horizon, and the position of 
the object with regard to the visible 
centre of the moon’s disk. 

The computation of the heights of 
mountains requires, according to Beer 
and Madler’s method, three measured 
elements, viz., the length of the shadow, 
the distance of the summit from the ter- 
minator or boundary between light and 
darkness, and also its distance from one 
of the horns or the extremity of the 
enlightened part of the moon north or 
south. ‘These measured data, combined 
with the longitude and parallax of the 
sun, and the longitude, latitude, and 
parallax of the moon, enable the obser- 
ver to determine the true length of the 
shadow in parts of the moon’s radius, 
having previously ascertained two im- 
portant angles, viz., that which the ter- 
minator makes with the line joining the 
horns, and that which measures the sun’s 
altitude above the horizon (at the moon) 
of the object measured. After having 
ascertained the length of the shadow in 
parts of the moon’s radius, it is not dif- 
ficult to determine the height of the 
object. 

Schroter has given, in his ‘ Selenoto- 
pographische Fragmente,’ numerous in- 
stances of measured mountains, both iso- 
lated and on the rings of craters, the re- 
sults being expressed in Parisian feet. 
Beer and Midler have given a list of 1095. 
measurements of heights expressed in 
French toises, and Midler, on the small 
map published in 1837, gives 236 ex- 
pressed in Parisian feet. For the results 
of the measurements converted into Eng- 
lish feet two columns (9 and 10) have 
been appropriated in Form No. 3. 

Two columns (11 and 12) are also 
provided for brightness, or “ Reflective 
Power,” one headed Estimated the other 
Measured, The observer of the moon’s 
surface cannot fail to be struck, not onl 
“ith a great variety of tints in whi 
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the presence of colour is unmistakeable, from a deep blackish grey to an 
almost. dazzling whiteness, but also with a gradation of brilliancy, some 
spots shining with a vividness far exceeding others, which, although they 
may be regarded as “bright,” are yet dull as compared with those that are 
more vivid. Some of these spots are supposed to vary in intensity of 
brightness, while others may be regarded as tolerably steady; and if some 
amount of interest attaches to the smaller features of the moon’s surface, as 
bearing upon the subject or question of change, no less amount of interest 
will be found to characterize the range of brilliancy, especially when changes 
which cannot altogether be referred to on alteration in the direction of the 
inadent rays, obtrude themselves on our notice. In the time of Schriter, if 
not earlier, an attempt was made to chronicle these gradations of brilliancy 
by adopting a decimal scale, in which the absolute absence of light was 

ed as zero, and the brightest spot on the moon’s surface was denomi- 
nated 10°. Schroter, Lohrmann, and Beer and Midler adopted this nota- 
tion, and the first column, under the general heading “ Brightness,’ is 
intended to receive the results of a careful examination of all their estima- 
tions, as well as the results of future eye-estimations of the brightness of 
lanar objects. 

It is quite evident that estimations of any element can never command 
that reception which instrumental determinations are able to do. With this 
view a column has been inserted for receiving the measures of brightness or 
reflective power, and it was thought that, by means of an instrument such 
as that described by Mr. Dawes at the Meeting of the Royal Astronomical 
Society, June 9, 1865 (see Monthly Notices, vol. xxv. p, 229),. the gradations 
of brightness might be measured with facility. The use of the instrument, as 
recommended by Mr. Dawes, requires that the feature under examination 
should be isolated by means of the solar eyepiece, thus shutting out all rays 
from surrounding objects. Doubtless a graduated series of brightnesses may 
be obtained in this way which would possess a great amount of value; but 
one feature has presented itself in some trials which were made to ascertain 
the deepest tint that would quite obscure the brightest spot ‘“ Aristarchus.” 
It was obscured, and perfectly invisible, upon a ground of which the collective 
power of reflexion was able to pierce the dark-tinted glass, and not only to 
pierce it as a dull light, but also to show the outlines (somewhat indistinctly) 
of the brighter and darker spaces.on which the brighter spots then visible 
were situated (not unlike the appearance of the night-side of the moon 
illuminated by earth-shine a few days before and afte? change), the larger 
darker spaces coming out with the same intensity as the larger brighter spaces, 
so that upon settling the zero-pvint, the brighter spaces would be positive 
and the darker negative ; thus while a zero might be obtained for a collective 
reflective power, it would be difficult to express by the same notation the 
absolute brightness of the smaller brighter spots, or the absolute darkness of 
the smaller darker spots. This being the case, it is possible a modification of 
the homochromascope may be employed with advantage. (See Monthly 
Notices of the Royal Astronomical Society, vol. xxii. p. 11.) 

One very important circumstance that may present itself to the observer, 
and one that will assume a much greater degree of importance in the estima- 
tion of the selenographer, engaged in symbolizing and cataloguing objects, is 
the unmistakeable identification of the smaller features, such as minute craters, 
mountains, rills, soft ridges, &c. A simple mode of recognition and identifi- 
cation presents itself in the alignment of objects, and for this two objects, one 
on each side of the object to be identified, will suffice. If, however, it should 
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so happen that one on each side cannot be conveniently chosen, three objects 
(including the one to be identified) in a line will contribute perhaps quite as 
much to finding the object sought. The column (13) in Form No. 3, headed 
Alignment, is intended to receive three symbolical references, one being the 
object catalogued under the symbol heading the sheet with the Arabio 
numeral at the commencement of the line, for example; II :TE**: 
IIE? *, in which ITE** represents the crater Piazzi Smyth, and this aligns 
with ITE* ' and ITE¢’. | , 

Tho wide column (14) headed ‘' Description” scarcely needs a remark. 
The descriptions of objects aro intended to be as brief as possible, noting 
principally their relative positions, &c. with regard to other objects. 

In order that « catalogue, such as the one now in progress, should be per- 
fectly efficient and accomplish the object intended, it is manifest that nothing 
should be omitted, nor should it be compiled hastily; the labours of all pre- 
vious selenographers should find a place, all synonyms should be inserted, 
and references made to existing maps and drawings. With this view a por- 
tion of each symbolic sheet of Form No. 3 is devoted to the reception of such 
synonyms and references; the first column (15) being intended for references, 
in Roman numerals, to a special catalogue of-objects, the descriptions of 
which have been drawn up from careful observation with the telescope. 

The second column (16) in this department of Form No. 3 is intended to 
receive an appropriate symbol, which at once indicates whether the object 
be a crater, mountain, mountain-chain, rill, low ridge, lucid streak, or other 
feature. For this purpose the following symbols are employed :— 

Craters and depressions are indicated by a small italic character, with an 
index number, both inclosed in parentheses thus, (5'). 

Confluent craters are thus shown, (c’: c*). 

Ancient rings thus, (¢°). 

Valleys thus, lJ. 

Mountains are indicated by a small Roman character, with an index num- 
ber, both inclosed in parentheses thus, (a'). 

Mountain-chains are indicated in the same way, with a dash under the. 
letter thus, (a*). 

These letters are not to be applied arbitrarily. To each zone of latitude 
of 5° a character, Roman or Italic, is especially appropriated. One of these 
letters (Italic) is printed at the foot of each column of symbols, under the 
head of * Zones and limiting latitudes” in Form No. 2, ranging from a to s, 
they are to be used thus:—If a mountain be found in zone XV. or XVI, viz., 
35° to 40° N. or S. latitude in any quadrant, the symbol pointing it out to be 
a mountain is (h), the numbering being consecutive, a catalogue of moun- 
tains will ultimately be formed; the samo may be said of craters or any 
other feature. 
thas 12 pase are indicated by an Arabic numeral, inclosed in brackets, 

us [2]. 

Incid, streaks in the same way with a dash under, thus [6]. 

Inad spots by a number with a cipher below, thus (8, ]. 

Dark streaks are shown by the number having two dashes, one above, the 
other below, thus [4]. 

Derk spots are shown by the addition of a cipher to the left and above, 
thus [°6}, 

Fills are indicated by the symbol 1 . 
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It is expected that by the employment of these symbols the distinguishing 
character of the feature catalogued may be seen at a glance. It is intended 
that the numbering should proceed consecutively, as objects are added to the 
separate catalogue in which Roman Numerals are employed to enumerate 
the features observed. 

The communication of J. F. Julius Schmidt, Director of the Observatory at 
Athens, to the ‘Astronomische Nachrichten’ bears so greatly on the subject 
of observing the smaller features, that I am induced to give in extenso the 
translation of it, by W. T. Lynn, B.A., F.R.A.8., of the Royal Observatory, 
Greenwich. | 

“Of late years, several observers in England have occupied themselves 
very perseveringly with the special study of the moon’s surface, and havo 
oecasionally arrived at conclusions leading to the belief that newly formed 
mountain ranges are now being discovered upon the moon. Although not 
in a position myself, after twenty-five years’ close observations of the kind, 
to bring forward even one certain example of new formation, when the 
question {s confined to crater-forms, yet I am far from disputing the fact of 
the existence of new “formations upon the moon. I do not, however, seek 
them so much amongst the craters, of which thousands of smaller ones, 
wanting in Lonnuarw and MAprsr, are now from time to time being de- 
tected, but have for about fifteen years past directed my attention especially 
to the rills, of which I have newly discovered a very great number, and 
amongst these several of remarkable form, easy to be recognised, which 
have not been seen since the time of Schriter. With regard to the craters 
noticed by Messrs. Webb and Birt, in Marius, in Mersenius, near Delisle, b, 
&e., I have known these since the year 1846, and am in possession of 
various drawings of them. As importance is being attached to these in- 
dividual isolated craters (for which there are indeed good grounds), it may 
be here mentioned that I detected on the 2nd and 4th of January in the 
present year, in the inner surface of Picard A (Mare Orisium), a amall 
erater, which, together with two others in the northern wall, has escaped 
all the observers up to this time, although in a region frequently and par- 
ticularly seanned both by Schréter and myself. 

“ As objects repaying careful investigation, I recommend the extremely 
remarkable rill-systems near Ramsden, and a little westerly of Aristarchus, 
discovered by me on January 4, 1849, at Bonn, and on May 10, 1862, at 
Athens. Any one experienced in this department of observation who will 
consider, under favourable circumstances, the twelve or thirteen extraordi- 
nary rills and crater furrowa, will perceive for himself how small is the pro- 
bability that phenomena so remarkable should for so many years have 
ewaped the notice of practised observers, merely on account of external 
circumstances, 

“ Athena, Jan. 5, 1865.” (Signed) J, F. Joxtrus Scmupr.” 


The indefatigable Schriter accumulated a large amount of information 
rlative to the moon’s surface, which he.published in two quarto volumes, 
entitled “‘Selenotopographische Fragmente.” It is principally arranged as topo- 
graphical notices, including, as we have before remarked, numerous measure- 
ments of mountaing, craters, &c., with eatimatians of brightness, and accom- 
; panied with numerous engravings of the sketches and drawings which he 
made from time to time. Every conspicuous object, and in many cases very 
small objects in peculiar situations, have upon the engravings letters refer- 
nog to a description of the objects in the text. These delineations and 
descriptions are increasing daily in value, and it is easy to see that labours 
sich as those of Schmidt, recorded in the above article, are themselves 
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increased in value by the existence of records such as Schriter’s, Lohrmann’s, 
and Beer and Midler’s. Lohrmann’s sections, with the text, may be placed 
in the same category as Schroter’s, and his map, with 500 reference-numbers, 
but no text, including a very large amount of detail, furnishes material by 
which the selenographer may confirm his observations, or by means of it, 
objects may be indicated that may have been overlooked, or possibly may 
even be new. Beer and Midler’s large map is of the same character as 
Lohrmann’s, but with this advantage, notices of the features on the map (to 
which reference-letters, Roman, Italic, or Greek, are attached) are to be 
found in the text, affording, with the results of previous labours in the same 
field, a large amount of existing material to catalogue ; for it is evident that 
features found on the maps and drawings, and referred to in the text, had a 
bond fide existence, and were subjects of observation at the three several 
epochs. The later and smaller map of Midler is also valuable for reference. 
In order to ensure the insertion of these objects in the catalogue, four 
columns (17, 18, 19, and 20), having suitable headings, are appropriated 
to references to these authorities, the reference-letters and i 
given when available ; and in other instances, where the objects are found in 
the maps or engravings, but without any reference-letters or figures, a dash 
(—) is inserted, the absence of a dash against any object indicating that it is 
not to be found in the records of the selenographer whose name is at the head 
of the column. 

Of all the aids that we possess to the attainment of a valuable and exten- 
sive knowledge of the moon’s surface, none are calculated to afford such accu- 
rate results, so far as mapping, symbolizing and cataloguing are concerned, 
as photography. The large number of negatives produced by Warren De la 
Rue, Esq., and the enlargement of them both on glass and paper, must 
become of much valuable assistance in the progress of this work. The true 
relative positions of objects are capable of being very readily determined, 
and when reference is made to the normal position of mean libration,—the 
photograph taken on October 4, 1865, at 9° 0™ 4* mean time, at Cranford 
being a standard in this respect,—the photographs will contribute in no small 
degree to accurate mapping and symbolizing ; other important data are also 
obtainable by their means. In order to ensure a careful comparison of all 
existing records with the results of photography, a column (21) is inserted, 
and headed “ De la Rue,” in which every object found on the photographs is 
indicated by a dash (—). 

[Form No. 4.] British Association for the Advancement of Saence.— 
(Luxan Commitee.) 
Form for computing the Positions of Lunar Objects (the Second Order). 
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Notes. 


This Form is intended to aid in the computation of positions of the second 
order, which are determined, first, by measurements of the angle of position 
and distance between two points the positions of which have been deter- 
mined by measurements of the first order (see Beer and Madler’s ‘ Der Mond, 
pp- 40-45), and secondly by the angle of position and the true distance be- 
tween one of the points of the first order and the point whose position 1s to 
pe determined. The calculation is performed according to the following 
ormuls :— 

Let AB (fig. 1) be the measured side of a triangle of the first order, / 
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its length, expressed in parts of the moon’s Fig. 1. 
gemidiameter, m the same measured in 
revolutions of the micrometer, C the point 
of the second order whose position is to 
be ascertained, and AC the line whose 
_ length is to be determined for this purpose. 
The position angles of the lines AB and 
AC being determined at the time of ob- 
servation, the angle y or inclination of AC 
to AB is known, and the angle ¢, or in- | UR 
clination of AB to the line of abscisse 
being determined by the formula xa 
tan _Y-Y' 
$= X-X” 

where X and Y represent the coordinates ~~~ 

of A, and X’ and Y’ the coordinates of B, the inclination of AC to the line 
of abscisse=—o—y. Now if the true distance between A and C in micro- 


meter revolutions = m”, then AC ™, expressed in parts of. the moon’s 


semidiameter. 

Resolving AC into the coordinates x’ and y’, we have x'=AC cos (¢—w) 
and y’=AC sin (g—y). Now X and Y are the coordinates of the point A, 
and x and ¥ those of the point C, therefore x=X —x’, and y=Y-y*. We 
have consequently for the latitude sin =x, and for the longitude 

sin A=yx sec p. 

In consequence of the greater foreshortening of the lunar features in pro- 

rtion as they may be removed from the middle of the disk towards the 

imb than as represented in the true orthographical projection, Beer and 
Miudler considered it necessary to limit the points to be determined by mes- 
surements of the second order to such as lie near the sides of their measured 
triangles, of which they give the sides and angles in ‘ Der Mond,’ pp. 78-83. 
These measured triangles amount to 176. They also considered it important, 
both for convenience and sccuracy, that the angle y should be smal/; and if 
it were necessary to include a larger angle, the distance AC should be 
shorter than if the angle were smaller. It would appear from the example 
given on p. 87 of ‘ Der Mond,’ that their measttirements were effected on the 
line AB, from the point A 


towards B as far as D (see Fig. 2. . 

fig. 2), at which point they ; D , 
were stopped by the micro- = Cc. 

meter wire at right angles to & = 


AB, bisecting the point of the 

second order, C. ‘his measure, m’, from A to D, they called the curtate 
distance ; and from this they determined the true distance, m’, by the for- 
mula m"==m' sec y. Beer and Midler’s measures of the second order were 
made when the points were near the terminator, or boundary between light 
and darkness. ; 

The Committee has not only given a considerable share of its attention to 
the preparation of Forms Nos. 1, 2, 3, and 4, but also to the subject matter 
to.be entered in them. The resolution appointing the Committee states, | 
“That the Forms ere for registering the various craters and visible objects | 


* Or, as im the figure, X+4x' and Y+y’. 
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en the moon’s surface.” At the time of the appointment of the Committee, 
I had made 291 series of observations, which were commenced as early as 
January 6, 1860, 

During the year, between the Meetings of the Association at Bath and 
Birmingham, I have lost no opportunity of increasing the number of observa~ 
tions, and have made 124 series, which are equivalent to 124 nights of 
observation. These observations amounted to 416 series at the time of the 
Meeting at Birmingham ; and, with 33 made since, now amount to 449, 
The whole are of various kinds, including physical examinations of several 
portions of the moon’s surface, particularly of the crater “ Plato,” every 
crater, mountain, ridge, plain, or other feature that had been the subject of 
obeervation being distinctly specified in the observations. Numerous micro- 
metrical measurements for the magnitudes and positions of objects are also 
included. The whole of these observations are in process of being examined, 
reduced, and classified, and the results entered in Form No. 3. 

The series of observations between January 5, 1860, and September 22, 
1863, amounting to 176, were made with two telescopes. The one most 
extensively used jn London was the Sheepshank’s Telescope No. 5, lent by. 
the Council of the Royal Astronomical Society expressly ‘for the purpose of 
lunar researches, The diameter of the object glass is 2:75 inches. It is 
furnished with three powers, is mounted on a tripod, and has vertical and 
horizontal motions in altitude and azimuth. The observations not made 
with this instrument were made during various visits to Hartwell with the 
Equatorial of 5:9 inches aperture. 

Early in January 1863, the Council of the Royal Society voted a sum of 
money for the construction of a telescope with an object glass of 4} inches 
diameter, under the superintendence of Warren De ie Rue, Esq., suitable 
for the work in which I was then and am still engaged. This was completed 
in September 1863, and has since been employed in the observations, stated 
visita during the period that has elapsed between June 1863 and September 
1865 having been made to Hartwell, at Dr. Lee’s request, for the purpose of 
continuing tLe observations with the Hartwell Equatorial. ; 

At the time of the appointment of this Committee, I had drawn up preli~- 
minary forms for the insertion of various data appertaining to objects on the 
moon’s surfaee, a large amount being scattered over the works of Schriter, 
Iohrmann, and Beer and Midler. It was then, and still is, my intention to 
increase these data by observation, and enter them in Form No. 3, each 
object, as before mentioned, being designated by a symbol. When the Aseo- 
dation met at Bath in 1864, 386 separate objects had been entered in the 
preliminary Forms; 62 of these have since been transferred to Form No. 3, 
which, with 399 entered independently, make 461 objects entered in Form 
No. 3, the total number of objects now catalogued being 785*. : 

Early in December 1863 I conceived the idea of forming a catalogue of 
lunar objects, as I had met with considerable difficulty in recording many, 
especially the smaller features, in such a way as readily to identify them 
afterwards. At that time I had accumulated a number of observations, first, 
of the crater ‘ Plato’ and its immediate neighbourhood, and afterwards of the 
N.W. portion of the Mare Jmbrium, including all the mountains which are 
scattered over its surface, which have been named the ‘ Teneriffe’ Mountains, 
to commemorate ‘ an astronomer’s experiment,’ as recorded im Professor Piaszi 
Smyth’s work entitled ‘ Teneriffe.’ 

_ In the course of my observations several remarkable features of the moon's 


* Now augmented to 1032. 
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surface have been presented to my notice; and here I would remark that 
observations of this kind differ considerably from ordinary astronomical 
observations ; many of the features appear to be exceedingly evanescent, and 
can only be detected on rare occasions, and these at considerable intervals, 
the one from the other; a very slight alteration in the direction of the inci- 
dent or reflected ray suffices to render an object invisible which a few hours 
before might have been seen with distinctness, and good measures of it ob— 
tained. Webb has alluded to this where he says, in his ‘ Celestial Objects for 
common Telescopes,’ p. 54, “As the angle of illumination increases, a fresh 
aspect of things creeps in, and this aspect is such that we may sometimes 
catch the whole, sometimes a portion, sometimes nothing of many a familiar 
feature.” It is therefore important to seize the opportunity when presented 

for examining carefully a district the illumination of which is such as to 

bring out in strong relief the most minute features discernible. During a 

period of nearly seven years’ observations, there are some features that I have 

seen only four or five times, and some only once. The rill-system on the 

S.W. of Triesnecker I have seen favourably only on one occasion, nearly 

twelve months since, and that after waiting many months to obtainit. After 

carefully scanning the surface of the moon, should an opportunity of the kind 

now alluded to be presented, no time should be lost, nor trouble spared in 

obtaining as correct a record as possible of the details visible. The following 

are a few of the instances in which remarkable features have been brought 

out with extraordinary distinctness, so much so as to mark out distinctly the 

boundaries of individual regions. 

The Plain of Dionysivs.—“ On the morning of January 18, 1865, between 
5 and 7 4.x, the subject of observation was the great Rill of Ariadseus dis- 
covered by Schroter, and described, under this head, by Beer and Midler. 
It was well situated, both as regarded visual and illuminating angles; and I 
noticed that south of the rill, between Ariadsens and Silberschlag, the surface, 
which forms a somewhat extensive plain, is slightly depressed, much in the 
same way as the surface on one side of the Straight Wall is lower than the 
other, with this difference—the rill of Ariadseus appears to have resulted 
from a crack; and throughout the length above specified the depth of the 
rill is plainly perceptible by its shadow. The depressed plain south of the 
rill is extensive; the four portions of it are symbolized, and in progress of 
entry in Form No. 3. 

The Valley J. J. Cassini.— In the course of Mr. Webb’s correspondence, 
that gentleman has communicated an account of the recovery of one of 
Schroter’s valleys, named by him J. J. Cassini, which, although appearing on 
Beer and Midler's map, does not bear the name appropriated by Schroter. 

On the morning of the 9th of February, 1865, I had an opportunity of 
comparing Schriter’s drawing of J. J. Cassini with the moon; and although 
the weather prevented that full examination which I desired to make of the 
region, yet the general accuracy of Schréter’s drawing was unmistakeable. 
The state of libration was such as to bring the objects into full view with 
less foreshortening ; and although the form of the valley J. J. Cassini was not 
precisely as Schréter has given it, yet the general outline and the neighbour- 
ing craters fix Schroter’s drawing to the part of the moon which he describes 
in his text; accordingly Beer and Midler’s statement, to the effect that 
Schroter’s drawing is irreconcileable with the surface of the moon, appears 
to be without foundation *. 


* This statement of Beer and Midler appears to have originated from Schroter mis- 
‘ming some craters in the neighbourhood. . 
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The Table Land—Terra Photographica.—A few months ago Warren De 
la Rue, Esq., presented to the Committee an enlarged photograph of the 
moon (in four compartments), taken a few days after the first quarter, and 
directed the attention of Dr. Lee and myself to an elevated tract surrounded 
by the craters Cysatus, Curtius, Zach*, De Luc, Maginus, and Clavius, which 
he had discovered during the progress of his photographic experiments .. . 
It is proposed, in accordance with Mr. De la Rue’s suggestion, to designate 
this Table Land ‘Terra Photographica’ (De la Rue). I have carefully com- . 
pared the region with Lohrmann’s and Beer and Midler’s maps, and find a 
portion of it very imperfectly represented by Beer and Midler, with some of 
the coordinates apparently misplaced. I have also obtained two series of 
observations of its physical character. Under ordinary states of the atmo- 
sphere, a few craters appear on its surface; but on August 1, 1865, at Hart- 
well, the surface of the plain was seen to be pitted with numerous small 
craters; and at a still later period I found that it consisted of a depressed 
basin, with highly elevated rugged land abutting on Clavius, and an interest- 
ing mountain-chain. Beer and Midler describe another mountain-chain, 
which I have not seen, nor does it appear prominently on the photograph. 

The great Rill of Arvadeus.—The Rev. T. W. Webb refers in his work on 
Celestial Objects to a minute prolongation of this rill through the portion of 
the Mare Tranquillitatis near Sabine and Ritter, detected by Gruithuisen 
and Kunowsky; a small portion only was seen by Beer and Madler. I 
succeeded in observing it on October 20, 1864, and have seen it since. It 
has also been seen on two or three occasions since October 1864 by Mr. 
Freeman at Mentone, in the Alpes Maritimes. Mr. Freeman has traced it to 
the group Ritter, Sabine, &c. | 

Among the observations of an instrumental character, I may mention some 
“that are differential of the second order, and which have reference to five 
groups now under systematic observation, both physically and instrumentally, 
as the state of illumination and other circumstances may allow, viz., the 
Picard group, the Posidoniue group, the Dionysius group, the Gassend: group, 
and the T’rriesnecker group, each crater (or in some cases mountains withi 
them) forming a central point; the angles and distances of each measured 
object being referred to a standard line, the coordinates of the two extremi- 
ties having been determined by Beer and Midler. 


APPENDIX. ° 


Translation of a Letter the Director of the Observatory at Athens, 
J. F. Julius idt, to Mr. W. BR. Birt, London. 


Your favour of the 23rd of September with which you honoured me is in 
my possession. T beg leave to answer your inquiry at once and in general, 
partly to show a mark of my sympathy for the interest you take concerning 
the topography of the moon, partly to make known to you and others the 
timits within which I have been occupied on the same object during a quarter 

a century. 

Passing over in silence my observations before the year 1842, I alludo 
only to those which afford a topographical interest, and that are at present of 
some utility to me. Since June 1842 I could employ more powerful tele- 
scopes, and the sketches of detailed landscapes of the moon were obtained 


* A crater between Zach and De Luo, perfectly visible in the photograph, but not on 
Beer and Madler’s map, forms part of the boundary of the “Terra Photographica.” It 
is rose to name it “ Pollock, C.B.” 

° » 4 
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partly at Hohenfeld, near Hamburg, and partly with the instruments of the 
observatory in that town. In the year 1845 I observed the moon but seldem, 
at the observatory at Bilk, near Idorf. From 1846 to 1853 I have 
obtained at Bonn, and from 1853 to 1858 at Olmuts, many sketches ; and with 
the refractor of the observatory at Olmutz I made and reduced 4000 micro- 
metrical measures of the altitudes of the mountains of the moon. In the 
interim I was twice so fortunate ag to he able to apply refractors of the first 
_ ¢lass to the moon, by the kindness of Eneke and Bruhns in Berlin (1849), 

and by the favour of Secchi in Rome (1855), Since 1860 I have con- 
tinued these labours at Athens, partly because the very defective condjtion 
of this observatory is such that I could not participate in greater researches, 
or in those which appear more important at the present day. Perceiving, in 
January 1865, that I could not with satisfaction continue to neglect the mass 
ef accumulated material, I considered it necessary to unite all my sketches 
in one great picture or plan; and J-resolved at once to undertake that labo- 
Tious work, withont contemplating any publication. I selected a scale double 
that of the charts of Lohrmann and Madler, giving my general chart, consist- 
ing of four folios, a radius of 3 feet, or about 2 metres diameter. This is now, 
with the assistance of my original sketches (nearly 1000), so far accomplished 
that the positions of the principal objects are laid down; and even in the 
landscapes near the limb but little is wanting. The chart exhibits already 
® considerable progression, and will probably he completed in two or three 
years. I chose the method of those authors, and took for points of the first 
and second order the data of Midler and Lohrmann, The whole detail is 
based upon my own observations only. 

The edition of Lohrmann’s works was transferred to me from the pub- 
lishers in Leipzig in the year 1854. The copper plates of all the twenty-five 
sections, with the exception of part of the shading, are completed, and I 
possess already a perfect copy. In the text to this chart I shall give a 
critical comparison with Midler. Both in their way form well-executed 
charta for the selenographical loca] determinations, the proper and true basis 
of the more modern selenography of which Tobias Mayer laid the first foun- 
dation. Let us continue in trying, by the aid of more powerful telescopes, 
to represent the topography of the yet undelineated detaila of the surface of 
the moon, without, however (so far from setting a determinate limit), being 
able to see the end of such a work; it is as if from the ordinary determina- 
tions of place of the brighter-stars down te the eighth magnitude one passed 
on to that of the stars in the Milky Way. 

The study of the rills has particularly occupied me during the last fifteen 
years. The resemblance of numerous transformations and combinations of 
the rills and praters, has led me to the opinion that al? milla present only 
voloanic phenomena, like all the rest of the moon. The study of the topo- 
graphy of our satellite will at onoe become very important for our geology. 
But it is a great error to believe that a survey once or twice of a mountain 
of the moon would entitle us to make certain comparisons or to arrive af 
certain conclusions. I find, after many years’ minute observations, that sf 
present it is prudent to avoid all speculations, and at first and before all 
things to establish an extended topography in conformity with our present 
means, free from contracted views, and so far exact ate one Kevadels 
may hope thereby to give satisfaction to a remote rity. a 

also the opinion af Alexander von Humboldt, with whom I had often, from 
1853 to 1856, communications on the subject. I myself have never been 1D 
possession of sufficient means to produce anything émportant for selenography; 
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end have been obliged to content myself with small contributions; but I 
abandon not the hope that I shall yet be enabled to make observations with 
great instruments, 

Respecting the rilla, I have now ready for printing a small pamphlet, in 
which are classified, up to February 1865, all those known to me, I ho 
to get it published in Leipzig. It contains 425, and these are divided in the 
following order :— 


From 1787 to 1801 Schréter discovered 11 rills. 
1828 ,, 1827 Lohrmann ” 78 ss, 
1832 ,, 1841 Midler » 55 ,, 
1847 ,, 1848 Kinau - 6 ,, 
1842 ,, 1865 Schmidt ” 278 «Cs, 


Since that time I have discovered thirty or forty new rills. I point out as 
particularly remarkable the systems I observed in 1849-1862 near Rams- 
den and Aristarchus. The rills near the southern capes of the Apennines, 
Hyginus, Ariadseus, and Sabine, are in connexion with that of Goclenius, as 
rills are existing in the plain near Torricelli. I enclose only a few slight 
aketehes of remarkable rills, which, in case they should not yet be known to 
English astronomers, may give occasion to future researches. Those who are 
in possession of large telescopes should not neglect to make drawings of 
craters of the most minute kind, which are visible even in very small and 
well-Jimited regions, as the craters in Plato, Archimedes, Hevelius, Gassendi, 
Mersenius, Marius, &c. 

Less important appears to me the study of such disturbed formations ag 
Maginus and Longomontanus, because here we may never arrive at certain 
conclusions, for all the territory appears to consist only of craters of the 
smallest kind. As other objects of a rigorous and searching examination, 
I mention those little craters, crater-rows, crater-rills, that, situated in the 
interior of the ring mountains, form the limits of the plain and the be- 
ginning of the wall mountain, Here the eruptive forms have issued, as if 
were, out of cracks, and in parts of considerable and high mountains, where 
two mountain-masses, approaching each other, form a narrow valley, or a sharp 
comer, Just as important is the parallelism of many little craters, where 

, a8 on Etna, cover the exterior of the walls of the mountains. Among 
such forms, spoken of to the fullest extent of the word, I class such bodies as 
Copernicus, with his many hundred neighbouring craters. But in a more 
limited sense, however, I comprehend examples, such as the craters outside 
of the north wall of Newton, where the wall mountains, covered with 
craters, slope against the south-east wall of Moretus. But everywhere a 
keen and unprejudiced course of observation wil] indicate that rills are only 
erater-rows in a particular modification, as the innumerable transformation- 
forms prove, and as Midler first pointed out. 

In the climate of Hellas (still more so in that of the more southern isles), 
0 favourable for astronomical observations of every kind, many of the most 
important problems would in a short time be solved, if a practised observer, 
completely free from hypothetical views, were furnished with the necessary 
means. . 


Athens, October 6th, 1865. 


In illustration of this memoir, Herr Schmidt has forwarded a drawing 
(Plate TX.) of the rills west of the Mare Serenitatis, from Posidopius to 4 
pant south of Littrow. 
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' Postseript.—Since the above Report was drawn up, an outline Map of the 
Moon, of 100 inches in diameter, has been commenced, and is now in pro- 
gress. The positions of 105 points of the first order, as given in Beer and 
Miidler’s ‘ Der Mond,’ pp. 77, 78, form the basis of measurement for all the 
features discernible upon the photograph taken by Warren De la Rue, Esq., 
on October 4th, 1865, a short time before contact with the Earth’s shadow, 
and when the apparent disk was not far from a state of mean libration. In 
this Map every important feature of the Full Moon will’be laid down from 
measurements on the photograph referred to the equator and central meri- 
dian 


Report of the Committee on Standards of Electrical Reststance. 


The Committee consists of Professor Williamson, Professor Wheatstone, Pro- 
fessor W. Thomson, Professor Miller, Dr. A. Matthiessen, Mr. Fleeming 
Jenkin, Sir Charles Bright, Professor Muxwell, Mr. C. W. Siemens, 
Mr. Balfour Stewart, Dr. Joule, and Mr. C. F. Varley. 


Tue Committee has the pleasure of reporting that the object for which they 
were first appointed has now been accomplished. 

The unit of electrical resistance has been chosen and determined by fresh 
experiments; the standards have been prepared, and copies of these standards 
have been made with the same care as was employed in adjusting the stan- 
dards themselves; seventeen of these copies have been given away, and 
sixteen have been sold. 

The chief work of the Committee this year has been done by Dr. A. Mat- 
thiessen. Last year’s Report announced the completion of the experiments 
determining the resistance in absolute measure of a certain coil of German- 
silver wire. Taking this coil as the basis, Dr. Matthiessen, assisted by Mr. C. 
Hockin, prepared ten standards, each expressing the British Association unit 
of electrical resistance; two of these standards are coils of platinum wire, 
two are coils of wire drawn from a gold-silver alloy, two are coils of wire 
drawn from a platinum-iridium alloy, and the remaining two are tubes of 
mercury. 

The wires employed in the coils are from 0°5 millim. to 0-8 millim. dia- 
meter, and range from one to two metresin length. They are insulated with 
white silk, and are wound round a long hollow bobbin of brass. The wires 
are imbedded in solid paraffin, and enclosed in a thin brass case, which allows 
the coils to be plunged in a bath of water by which their temperature may 
be conveniently regulated and observed. Two short copper terminals project 
from the case and are forked at their ends, so that they may be connected 
with the Wheatstone’s balance in the manner recommended by Professor W. 
Thomson, avoiding the error due to the possible resistance of connexions. 
The mercury standards consist of two glass tubes about three-quarters of a 
metre in length. _. 

These ten standards are equal to one another and to the British Association 
unit, at some temperature stated on the coil or tube, and lying between 14°°5 
and 16°5C, | 

None of them, when correct, differ more than 0:03 per cent. from their 
- value at 15°-5 C. 


In the choice of the material, of which the standards are constructed, the 
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Committee have been much assisted by the experiments on, permanency made 
by Dr. Matthiessen. 

Silver and copper were found to alter in their resistance simply by age. 
German silver was also found to alter in some cases. 

These materials had therefore to be rejected. Gold appears constant, but 
owing to its low specific resistance a considerable length would have been 
required, unless a wire had been adopted of very small diameter. This was 
not thought desirable, for several reasons; any slight decay or injury in the 
surface of a small wire would cause much greater alteration in the resistance 
than the same injury to a large wire. A small wire would be more liable to 
mechanical injury, and would be much more rapidly heated by the passage 
of currents. The Committee having rejected small wires for these reasons, 
thought it unnecessary to incur the expense of a large and thick gold wire. 
The great change of resistance caused by a change of temperature furnished 
another reason for rejecting gold and other pure metals. One pair of 
standards was, however, made of platinum, which appeared the most suitable 
of all the pure metals. -Platinum and the three alloys named appear all to 
be very constant, that is to say, their resistance is not altered by age, or 
even by being subjected to considerable heat and recooled. 

These materials also possess considerable mechanical strength; they are 
not easily injured by chemical action, they have considerable specific resist- 
ance, and that resistance, in the case of the three alloys, changes little with 
a change of temperature. 

It is of course impossible to say with certainty that their resistance will not 
vary with time, but it is most unlikely that the resistance of all will vary in 
the same ratio. If, therefore, as is hoped, the eight coils made of such 
different materials retain their relative values, some confidence may be felt 
in the permanence of the unit. 

Some additional security is given by the power of reproducing the unit, if lost, 
by chemical means, or by fresh experiments on absolute electro-magnetic mea- 
sure, although neither of these means at present appear to give such perfect 
accuracy as would be secured by the permanency of a material standard. Fresh 
absolute experiments of the kind described in previous Reportswould hardly re- 
produce the same value much within one part in a thousand, and Dr. Matthies- 
sen, as appears from last year’s Report, is not very sanguine of obtaining a better 
result than this by chemical means. Thus a difference exists in Dr. Siemens’s 
and Dr. Matthiessen’s reproduction of a unit by means of mercury, a8 
pointed out in last year’s Report. It is of course probable that differences of 
this kind will in time disappear, and Mr. Siemens fairly points out that the 
discrepancy mentioned in last year’s Report, between coils made from a very 
old and those made from a new determination of the mercury unit, affords 
ho criterion of the accuracy with which mercury can now be used as 8 means 
of reproduction. Dr. Siemens was the first person who produced numerous 
sets of coils accurately adjusted; and although unable to recommend the 
adoption of his unit of resistance, the Committee once more take an oppor- 
tunity of expressing their sense of the high value of Dr. Siemens’s researches 
on the reproduction of units by means of mercury. Dr. Siemens is confident 
that a unit can be and has been reproduced by means of mercury with an 
sccuracy of 0-05 per cent.; but meanwhile, the chief security for the per- 
manency of the unit consists in the preservation of standards constructed in 
various ways and of various materials. 

The mercury tubes furnish an additional security. A molecular change 
may occur in the wires, that is to say, they may become of harder or softer 


e 


810 nEvoRT—1865. 


temper, they may be injured chemically in course of time by some action on 
their surface ; it is just possible that the repeated passage of currents may 
alter them in some way, although we have no reason as yet ‘to expect such 
an alteration. 

Mercury is free from all these objections. Its temper cannot vary, ind as 
it would be ed afresh on each occasion, it will be chemically uninjured. 

On the other hand, some fresh dangers may occur it its use. The tubes 
themselves may alter in time, or the mercury may not always be absolutely 
pure. Absolute security cannot be had, but the choice of a variety of 
materials will probably prevent any serious alteration from occurring without 
detection. 

The copies which have been issued are similar in form to the standard 
coils, but the terminals are simple thick copper rods, intended to be dipped 
in mercury cups. The security given by this mode of connexion is sufficient 
for all ordinary purposes, and it was feared that the use of the double termi- 
nals might not be everywhere understood. The platinum-silver alloy has 
been used in all the copies. Wire made of this alloy is very strong and 
ductile. It can, for instance, be drawn down to a diameter of 0:0002 inch. Its 
resistance is not permanently altered even by a great change of temperature, 
and even annealing hardly affects it. Moreover, the change in ita resistance 
due to a variation of 1° Centigrade is at ordinary temperature only 0-032 per 
cent., being less than that of any other alloy tested. It is also a commercial 
alloy, which has been long used by dentists ; and Dr. Matthiessen points out, as 
& curious coincidence, that many commercial alloys coincide with proportions 
indicating peculiar electrical properties. Vide Appendix A. 

The copies of the standard have been supplied for £2: 10s. in boxes with 
small mercury cups for the connexion, and with a printed direction for use 
inside the box, stating the temperature at which that particular coil is equal 
to 1 B.A. unit. 

A satisfactory proof of the accuracy with which these coils have been pre- 
pared was given by four independent observations, by practical electricians 
not belonging to the Committee, of the relative value of four distinct B.A. coils, 
and four independent standards issued by Dr. Siemens. 

These four observations gave of 10456, 10455, 10456 and 10457 as the 
measure of Siemens’s standard, in terms of the B.A. units, proving the accuracy 
both of Dr. Siemens’s work and that of the Committee. 

_ Twenty coils were to be distributed gratis, and seventeen have actually 
been given away to the following recipients :— 

The Directors of Public Telegraphs in— 


France. Spain. Prussia. 
Austria, Italy. Sweden and Norway. 
Belgium. Portugal. Russia 

India. Victoria. 

Queensland. New South Wales. 


Also to Professor Kirchhoff, Dr. Joule, Professor Neumann, and Professor 
eber. 

Three remain for distribution. Sixteen have been sold. Dr. Faraday, on 
behalf of the Royal Institution, was the first purchaser. oo 
_ In distributing the coils, it was thought best not to give them fo institu- 
tions, where they would probably have laid on a shelf useless aud unknown, 
but rather to distribute thém widely, where they might become available to 
practical electricians, me 
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The new unit has been actually employed to express the tests of the 
Atlantic Telegraph Cable. Mr. Varley promises that the unit shall in future 
be the basis of the coils used by the Electric and International Cothpany. 

Sir Charles Bright promises that the unit shall be exclusively used by thé 
British and Irish Magnetic Telegraph Company. 

A standard has been supplied to the Royal Engineers at their request. The 
head of the Telegraph Department in India has introduced the tinit, and 
there is little doubt that the British Colonies generally twill adopt it. 

More time will certainly be required to introduce it on the Continent. The 
French Government has taken no steps to ensure its introduction, but 
M. Blavier, the official editor of the ‘ Annales Télégraphiques,’ has promised 
his cordial support to the Committee. The Austrian Government has pro- 
mised to use the coils experimentally, and the German gentlemen to whoit 
coils were given have promised to give their best assistance. | 

Coils have also been bought by the managers of two latge telegraphic 
establishments in Switzerland, at Neuchatel, and Zurich. There is theré= 
fore reason to hopé that the unit may come into extensive use. . 

When standard galvanometers, Leyden jars, and electrometets ard issued, 
all forming part of one coherent dnd necessary system, it is probable that the 
B.A. anit will be found so much more useful than any other as to supplant 
them entirely. Until these further.issues take place, it will only be adopted 
either by men who can understand the advantage given by it in calculation, of 
by electricians who feel confidence in the recommendations of your Corimittee. 

With a view to experiments which will allow of these further issues of 
electrical units, a large electrodynamometer has been designed, and is nearly 
complete. Graduated Leyden jars, with air as the only dielectric, have dlso 
been designed and are nearly ready for use. An apparatus for the determi- 
nation of the quantity called v in Appendix C of the 1868 Report is in the 
same condition. Prof. W. Thomson has for some time had ready apparatus 
for absolute measurements of electrical effects, but his connexion with the 
Atlantic Cable has suspended his work. Dr. Joule promises fresh measure- 
ments of the mechanical coefficient of heat, and has only been delayed by 
the want of experiments which other members of the Committee must pre- 
viously complete. 

In conclusion, the Committee are at-last able to report one positive result, 
but they feel that much more remains to be done. 


Aprrnpix A.—On the Construction of the Copies of the B.A. Umit. 
By A. Marruressen, F.H.S., and Mr. Cuantrs Hock. 


Tae standard coil used in the experiments at King’s College, described in the 
Report of your Committee for 1864, was put into our hands about last 
Christmas, in order that unit-coils representing a resistance equal to ten 
ramen metres per second in Weber’s electro-magnetic system might be madé 

m it. 

Since that time several unit-coils have been made and issued. 

We propose to state the method by which these coils were made, and the 
reasons for choosing the particular alloy which has been adopted for the con- 
ie The alloy referred to is composed of 66 per cent. of silver and 33 

Pp . : 
been possesses many properties which fit it for the use to which it has 

n ° 

As to its electrical properties _— 
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. I. It alters less in electrical resistance with changes of temperature than 
any other known alloy. 

The importance of this point needs hardly to be enforced on any one who 
has used resistance-coils, 

The increment in the resistance of the alloy due to a change of tempera- 
ture from 0° to 100° C. is only 3-2 per cent. 

II, The conducting-power of the alloy is very low, and is about one-half 
that of German silver. 

III. The conducting-power of the alloy is not altered by baking, that is 
by exposing it to a temperature of about 100°C. for several days. 

This is a property of great importance, for it has been observed that those 
conductors which do not alter by baking, do not alter by age either. The 
experiments by which this has been established have been published in for- 
mer Reports. 

. IV. The conducting-power of a wire of the alloy is little altered by 
annealing. 

Further, the alloy does not oxidize by exposure to the air ; it does not readily 
alloy with mercury ; it makes a sufficiently pliable wire, and can be drawn to 
a very great degree of fineness. Dentists have made considerable use of it 
in consequence of its good chemical and mechanical properties*. Of this 
alloy, twenty unit-coils have been made and sent to several leading electri- 
cians at home and abroad. The form of bobbin adopted for putting up the 
wire, and shown in Plate X. fig. 1, has been found very convenient, as it can 
be immersed in water during an observation. The wire is twice coated with 
silk, and protected by being imbedded in solid paraffin. 

Besides the coils already mentioned, ten unit-coils have been made, which 
Will be deposited at the Kew Observatory. 

Any one possessing a copy of the B.A. unit may have it compared at any 
future time against one of these coils for a small payment. 

Of the coils to be sent to Kew, two are of the platinum-silver alloy, 
two of the gold-silver alloy, two of a platinum-iridium alloy, and two of 
commercially pure platinum. Two mercury units have also been prepared. 

With so many coils for reference, made of such different metals, it appears 
quite improbable that the unit now proposed should be lost. 

_ Along with the above-mentioned coils will be preserved the standard coil 
used in the experiments first referred to, the coil used in the similar experi- 
ments made by your Committee in 1863, and several copies of these coils. 

Of the coil called “June 4th” in the Report of your Committee for 1863, two 
German-silver copies have been made. Of the other coil used in 1864, two 
German-silver, two gold-silver, and one platinum-silver copy have been made. 

These coils have twice been recompared together at intervals of three 
months, and will be again compared, and if they are still found not to hate 
altered, will be deposited at the Kew Observatory for reference, their values 
being engraved on them. . 

The method adopted to obtain the unit from the standard which had at a 
certain temperature a resistance of 4:6677 B.A. units was this :-— 

Coils were made with the following approximate resistances, viz. : 

Two coils nearly equal to one-half a unit, called 4(a) and 4(b). 
93 99 one unit 99 1 (a) 99 1 (b). 
One coil ” two units 9 
” two and a half » 2 


” 
* Messrs. Johnson and Matthey inform us that this alloy has been in use for nearly 
twenty years, 
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The electrical balance used was that described in a paper on the repro- 
duction of a unit by chemical means in the Report of your Committee for 
1864. 

With this instrument, two conductors, differing in resistance by not more 
than 3 per cent., could be directly compared, and the ratio found depended on 
to 00025. per cent. 

Numerous comparisons were made by means of this balance between the 
following sets of coils, viz. :— 


4(a) was compared with 4(b). 
2h+20) ” I (a). 


(a) 33 1 (b). 
1 (a)+1(b) 9 2 
2+ 3(a) 9 24 
2+ 24 », Standard. 


By taking the mean of several very concordant observations, the value of 
the coil 1a was found in terms of the standard, and therefore of the unit, to 
a great degree of accuracy, and from this coil the first platinum-silver unit 
was constructed. 

All the coils to be issued are recompared some weeks after they are made, 
and rejected if they are found to have altered in resistance by 0-01 per cent. . 

All the coils sent out are correct at the temperature written on them to 
withen 0-01 per cent., and this temperature lies between 14:5 and 16-5 in all 
cases, 


Report of the Committee, consisting of Major-General Sasrnz, P.R.S., 
Sir Joun Herscuen, Bart., F.R.S., J. P. Gassiot, F.R.S., and Sir 
R. I. Murcuison, Bart., F.R.S., appointed for the purpose of com- 
muntcating to the Russian Government the opinion of the British 
Association, that the establishment of magnetical observations on the 
Kew system at the Observatory of Tiflis, by Professor Moritz of that 
place, would largely conduce to the furtherance of Magnetical 
Science. By General Sasinz, P.R.S. 


At the Meeting of the British Association at Bath in 1864, a resolution was 
passed by the General Committee appointing a committee, of which my name 
stood first on the list of its members, “for the purpose of communicating to 
the Russian Government the opinion of the British Association, that the esta- 
blishment of magnetical observations on the Kew system at the Observatory 
of Tiflis, by Professor Moritz of that place, would largely conduce to the 
furtherance of magnetical science.” 

Not having been myself present at the Bath Meeting, and knowing nothing 
of what had passed there, beyond the words of the resolution transmitted to 
me by the Assistant-Secretary, Mr. Griffith, I addressed the letter marked 
No. 1 to Mr. Hopkins, the General Secretary. 


No. l. 
“13 Ashley Place, Nov. 9, 1864. 


“My pgar Srr,—I received a few days since from Mr. Griffith a notice of 
& resolution adopted by the General Committee of the British Association at 
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Bath, appointing a committee, my own name standing as the first mémber, 
‘for the purpose of communicating to the Russian Government the opinion of 
the British Association, that the establishment of magnetical observations on 
the Kew system at the Observatory of Tiflis, by Professor Moritz of that 
place, would largely conduce to the furtherance of magnetical science.’ 

‘“‘A communication to a foreign Government is a serious and somewhat 
delicate matter. The communication must necessarily pass, I believe, either 
through our own Government, or through the Russian Ambassador in London ; 
and must in either case, I apprehend, be made by the President of the Asso- 
ciation. The duty of the Committee is therefore to supply the President with 
such information, if they can obtain it themselves, as may enable him to fulfil 
in the best mannef the wishes of the General Committee. 

‘s Not having been present myself at the Bath Meeting, I have no knowledge 
of the discussion, either at the Section which originated the resolution, or in 
the Committee of Recommendation which adopted and recommended it, which 
doubtless preceded and influenced its adoption. I wish, therefore, to seek 
through you for information on some points on which more knowledge than I 
possess is desirable. 

‘‘ Professor Moritz is, I believe, and has been for some years past, Director 
of an Observatory at Tiflis, which is one of several observatories established 
in different parts of the Russian empire, acting under and in concert with 
the ‘ Observatoire Central Physique de la Russie’ at St. Petersburg, receiving 
instruments and instructions from the Central Observatory, reporting to and 
transmitting their observations in MSS. to M. Kupffer, the Director-General 
of the Magnetical and Meteorological Observatories in Russia, by whom the 
whole of the observations so transmitted are published annually in the well- 
known work ‘ Annales,’ &c., according to a uniform pattern. The purpose 
of the resolution, if I understand it correctly, is, that the instruments and 
system of observation hitherto pursued at Tiflis should be changed by the 
addition of magnetical instruments on the pattern of those at Kew, eompre- 
hending the tabulation from the photograms, the reduction of the observations, 
and their application to theoretical conclusions. Of courseI do not entertain 
the slightest doubt of the advantage that might be expected to result to 
magnetical science if the recommendation were acceded to and perseve- 
ringly and faithfully carried out; but in respect to the probability of its being 
received with favour by the Russian Government, and acceded to, it is mate- 
rial to inquire whether Professor Moritz’s application for the interference of 
the British Association on behalf of the Tiflis Observatory was made with the 
knowledge and concurrence of the head of the department under which he 
acts. It is unnecessary to dwell on the very different aspect which the whole 
matter would assume according as the reply to this question be in the affirma- 
tive or in tho negative. 

“The University of Kasan, a station of peculiar magnetical importance in 
theoretical respects, but which is not one of the stations of the Russian system, 
being desirous of forming such an establishment, sent its professor of mathe- 
matics, Professor Bolzani, to England in 1862 to examine and report on the 
magnetical instruments employed in England. Professor Bolzani strongly 
recommended the adoption of instruments similar to those at Kew, with ~ 
which, and the modes of reduction of the results and their theoretical apphi- 
cations, he made himself fully conversant by attendance at Kew. Whereupon 
the University addressed a Memorial to the Russian Government, offering, on 
beifig supplied with instruments similar to those at Kew, to be at the whole 
éxpénse themigelves of the locale, the staff for obsérvation ahd for reduction, 
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and of publicatioti. The reply was, not a refusal, but a postponement of the 
consideration of the Memorial until the Russian finances should have recovered 
from the heavy expenditure of the Crimean war. How far this decision was 
influenced by the spirit of certtralization, which is very strong in Riissia, and 
causes all such applications to be referred in the first instance for a report 
from the central head, cannot of course be known; but it is worthy of remark 
that it was immediately followed by an application from M. Kupffer for a 
complete set of instruments similar to those at Kew for the Central Observa- 
tory at St. Petersburg. These have been furnished, and I have very recently 
learnt from M. Kupffer that they have arrived, and have been established iti 
the Observatory. The observations have not yet commenced, because thé 
gas-pipes leading to thie observatory are not yet quite finished. My impres- 
sion is, though I can otly speak of it as an impression, that M. Kupffer pur- 
poses to make himself thoroughly acquainted with the instruments by using 
them under his own eye; ahd if he approves of them, to have othets made 
like them at St. Petersburg (or to procure them from England as he may 
deem best) for those observatories under his direction to which they may 
appear most suitable, and for which the Government is willing to supply the 
necessary funds. It may be hoped that the observations at such obsérvatoties 
will be reduced and applied to theoretical deductions, which has not been the 
ease hitherto in the Russian observatories. The publication of the ¢rude 
observations is comparatively of little value; but the labour of the reduction 
adda very considerably to the cost. | 

“And this brings me to & second inquiry, which may be very important in 
contributing to the sucoess or otherwise of the recommendation contemplated 
by the resolution adopted by the General Committee. Was it understood from 
Professor Morits that there existed at Tiflis a separate fund by which, if the 
instruments were suppliéd by the Russian Government, the current cost of 
the locale, the staff for observation and reduction, and for publication, might 
be defrayed? This was the proposition from Kasan; and if made on behalf 
of Tiflis; might entitle Tiflis to be plaeed in the same category of independence 
of the Central authority. 

“The object sought by the resolution of the General Committee is clearly 
defined—the establishment of magnetical observations on the Kew system at 
the Observatory of Tiflis by Professor Moritz. It is a perplexing circum- 
stance, however, that I received from Professor Moritz a letter dated the 
27th of September, viz. a few days after the Bath Meeting, desiring an inter- 
view to discuss his project, ‘ d’un lévé magnétique, qu’on se propose d’exécuter 
au Caucase.’ His letter neither names or refers in any way to ‘ magnetical 
obeervations on the Kew system at Tiflis.’ The two projects are incompatible 
if they are to be conducted by the same person. Is it possible that there may 
have been some misuriderstanding between the Professot and the gentlemen 
who brought forward the Resolution, as to which project is uppermost in the 
Professor's mind? <A ‘ Lévé magnétique’ in the Caucasus is 4 far less costly 
affair than such ari obsetvatory as is contemplated at Tiflis. There would 
be a degree of awkwardtiess if Professor Moritz’s desire to be employed in 4 
magnetic survey of the Catcastis were brought before the Russian Govern~ 
ment at the same time with the recommendation of the British Association 
that he should be employed in a work which would require his whole tame 
and thoughts at Tiflis for some years to come. It is a point which I should 
think Bir Charles Lyell would desire to be cleared up before he should make 
his comimunication tu the Russiati Government. The President of thé Sectiot 
which originated the proposition, or thé offloéts of the Assoviation whe were 
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present at the discussions in the Committee of Recommendations, may be able 
to throw some light on which of the two projects M. Moritz is himself most 
desirous of pressing. I may at the same time remark that the Committee 
appointed to aid in the observatory project can take no official cognizance of 
the survey in the Caucasus. 

‘‘ My object in addressing this letter to you is to obtain either from your- 
self, or through your intermediation from other Officers of the Association, or 
from the President of the Section by whom the recommendation was brought 
forward, any information which they can furnish which may be useful to Sir 
C. Lyell in the communication he will have to make with the Russian Govern- 
ment. It is important to keep in view that, whilst we desire to give every 
proper aid to Professor Moritz’s wishes, we should have at the same time a clear 
understanding of the recommendation we are making in all the lights in which 
it may be viewed. Will you therefore kindly return me this letter, after you 
have communicated its contents to any person who you think may throw light 
on any of the points touched upon, and accompanied by any documents 
referring to the recommendation which may be in the hands of the officers, 
or which they may be able to procure? I will then communicate with the 
other members of the Committee. : 

“‘ Sincerely yours, 

“William Hopkins, Esq., “¢ Epwazp Sabine.” 

General Secretary of the British Association.” 


At the time when my letter reached Mr. Hopkins he was already suffering 
from the illness which has since obliged him (to the general regret) to resign 
the Secretaryship. My letter was, however, immediately sent to Mr. Galton, 
associated with Mr. Hopkins in the duties of the Secretary’s office, who most 
readily and promptly undertook to communicate with Professor Moritz him- 
self, who had returned to the continent; and also to make my letter known 
to Sir Charles Lyell, the President of the Association, by whom any direct 
application, either to the Russian Government or to our own, should such an 
application to either Government be deemed expedient, would have to be 
made, . 

Mr. Galton’s letter to myself, of Feb. 27 (marked No. 2), states the result 
of his communication with Professor Moritz, and was as follows :— 


No. 2. 
“© 42 Rutland Gate, W., Feb. 27, 1865. - 

‘“‘My pear Genenat,—I have at length received a letter from Professor 
Moritz, dated Feb. 5 (? old style), which I enclose. It is not satisfactory, for 
it does not reply to all my questions ; nevertheless you may possibly find it 
sufficient to afford a basis to some limited action. 

‘1, Professor Kupffer is stated to approve of Professor Moritz’s scheme, 
and of the resolution of the British Association. - ; 

“2. The funds to carry the scheme into effect would be supplied, if at all, 
by the Russian (? Imperial) Government, through the Grand Duke Michael, 
Lieut. of the Emperor in the Caucasus. His decision is final, and to him the 
resolution of the British Association would be most properly addressed. 

‘3. Professor Moritz wishes to obtain a self-registering apparatus of the 
Kew pattern, partly to afford comparative observations with those he proposes 
to make (by means of portable instruments) at the chief geodetical stations 
of the Caucasus survey. He aleo wants the self-registering instruments for 
regular work at Tiflis, where he deplores the insufficiency of assistants capa- 
ble of making two hourly observations. * 
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«4, He does not say whence he proposes to obtain the above mentioned 
portable instruments, nor does he say anything concerning the tabulation of 
the photograms of the self-registering instruments; nor of the reduction of 
the observations, nor of their application to theoretical conclusions. Neither 
does Professor Moritz give cause to believe that he has had, as yet, the neces- 
sary experience to enable him to establish a regular magnetical observatory. 

pointedly made inquiries of him on this very subject in my second letter, 
dated Feb. 3.) 

“ The final paragraph of Professor Moritz’s letter is his own version of what 
took place at the Bath Meeting, and for that he is alone responsible. It appa- 
rently has formed part of some report he has made to the Grand Duke, who 
commissioned him to attend the Meeting. 

‘‘T herewith return your letter of Nov. 9, addressed to the General Secretary. 
It has formed the basis of both my letters to Professor Moritz. 

“ Yours very faithfully, 
“© Major-General Sabine, R.A.” ‘“‘ Francis Garon.” 


On the receipt of Mr.Galton’s letter of Feb. 7 I wrote to M. Kupffer, 
then at St. Petersburg, referring to the resolution passed at Bath, and to 
Professor Moritz’s communication with Mr. Galton, and expressing a desire 
to be guided by his advice in any further step which it might be advisable to 
take. 

It had been previously arranged between M. Kupffer and myself that he 
should be in London in April or May of this year, for the purpose of discuss- 
ing many questions bearing on magnetical and meteorological observations. 
In reply to my letter he referred to his proposed visit to London as a 
suitable time to discuss fully the subject of Professor Morits’s wishes, at 
which discussion it was my intention to have asked Mr. Galton and the 
members of the Committee joined with myself in the resolution of the General 
Committee to be present. But in May I received the intelligence of M. 
Kupffer’s unexpected death, and I have not yet learnt who has been, or is to 
be, appointed his successor. EpWakD SaBINe. 

September 1, 1865. - 


Appendiz to Report of the Committee on the Distribution of the Verie- 
brate Remains from the North Staffordshire Coal Field. By Joun 
Youne, M.D., F.R.S. Edinb. 


In the large series of specimens obtained by Mr. Molyneux, the genus 
Paleoniscus is numerically the most important. The vast majority of the 
specimens are referable to two species, P. ornatissimus and P. Egertoni. The 
Vanations in the proportions of the body and sculpture of the scales admit of 
& series being established so gradual that at no point can a sharp distinction 
be drawn between the two species, The occurrence on individuals in this 
series, of scales identical with those of P. monensis, renders it probable that the 
last-named species, founded on isolated scales from Anglesea, is only a variety 
of the North Staffordshire forms, the difference in conjectured bulk being 
perhaps due to local conditions. A small number of specimens belong to 
P. striolatus or P. Robisoni, The comparison of these specimens, and others 
elsewhere, with the types in the Royal Society’s collection at Edinburgh, raise 
doubts in the writer's mind as to the distinctness of the two species. 
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these, as in the foregoing mpecies, the comparison of many individuals frem 
beds of the same general age occurring in the same district, illustrates the 
wide range of variation which accompanies eat fertility, Similarly, the 
many specimens of the Mansfeldt species in the Royal College of Surgeons, 
in the British Museum, in Sir P. Egerton’s Cabinet, and in Edinburgh, 
confirm the hesitation with which Geinitz enumerates them, and justify the 
reduction of their specific differences within very narrow limits. the figures 
of the same species given by him, by Agassiz, and by King, differ in general 
proportions and the position of the fins, as markedly as do the Burdie House 
forms, and in this respect fairly parallel the variations in the more limited 
area of North Staffordshire. e comparison of individuals belonging to 
prolific living species, as the Herring, Sa Imon, Trout, yields similar results. 

The writer drew attention to the American specimens in the Geological 

Society’s collection, The species representing those of the English Carboni~ 

ferous series are associated with forms allied to those of Mansfeldt, whose 

coexistence in Staffordshire has been asserted, but is not yet certain. 

Of the genus Rhizodopsis, established provisionally by Prof. Huxley for the 
reception of certain specimens whose cranial and dental characters approached 
those of Rhizodus, Ow., while the scales, not yet found in unquestionable 
relation to the crania on which the older genus was founded, belong to the 
oycloidal section of the Glyptodipterini, several good examples occur. Nons 
of the individuals reach the size of Rhizodus, with which they are coextensive 
in distribution in the English and Scottish Coal-fields. Tho facial bones are 
not determinable. The strong conical teeth with plicate bases are of two 
sizes; the larger, slightly incurved at the apex, want the lateral compression 
which marke the laniaries of Rhizodus. Only two pairs of jugular plates seem 
to have existed. The pectoral fins are lobate; the two doréals, the ventral 
and anal, opposite each other respectively, are placed in the posterior half 
of the body. The vertebral rings are thin, shallow. The scales are cordate, 
but vary in the proportions of their measurements at different parts of the 
body. Their ornament consists of concentris and radiating ridges, the for- 
mer entire on the sides, but interrupted at either extremity by the latter ; 
the concentric ridges of the free area are robust. A subcentral boss on the 
lower surface, nearer the anterior margin, corresponds to the point of radia- 
tion on the upper aspect. The amount of overlap is uniform, extending to 
one-third of the surface. These are the chief points in which this genus 
differs from other Glyptodipterines. The character of the larger teeth justifies 
its retention as distinct from Rhizodus. Reliable specific differences are 
wanting; the greater flexibility of the ecales in specimeng from shale than in 
those from the ironstones, is due perhaps as much to the nature of the matrix 
as to different stages of growth; while greater and smaller size are not acoom~ 
panied by other noticeable variations. 

Certain cycloidal scales were determined by Prof. Huxley in 1863 to belong 
to a new genus which he named Cycloptychius, His description of the genus 
waa not then published, though read at the British Association. Several 
orem examples have since been found; their structure is in abstract as 

ows, 

Body; average length 5 inches, slender, tapering to a finely pointed caudal 
extremity ; covered with thin scales, cycloid anteriorly, pointed posteriorly, - 
marked with well-defined concentric ridges. Head nearly one-fifth of length 
of body, compressed ; muzzle rounded, Orbits far forward, bounded by large 
supraorbitals, prefrontals, and inferiorly by a long syborbital bar. Prm- 
maxilla large, its anterior margin prolonged laterally, Maxilla in one piece, 
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eurved slightly upwards anteriorly, posteriorly descending more abruptly, 
Mandible in one piece, tapering to a slender, slightly upcurved, symphysia] 
extremity. Both jaws beset with fine conical smooth teeth of two Bize8, 
the Jarger about three times that of the smaller, among which they are 
set at regular intervals, and from which they are distinguished o y by 
size. Operculars narrow, elongate; suboperculars small, square. No trace 
of inter-operculars. Branchiostegal rays numerous, flattened, enamelled, 
The sculpture of the cranial and facial bones consists of close-set tubercles, 
sometimes confluent into short ridges. The occipital bones are perhaps 
represented by large scale-like plates occurring close to the head. Pectoral 
arch weak; scapulars flat, articulated, not coalescent with the truncated 
coracoids. Pectoral fins small, not lobate. Ventrals small, at middle of body. 
Dorsal and anal small, triangular, equal, opposite; intermediate between 
ventrals and caudal. Tal markedly heterocercal; upper lobe slender; its 
short rays entirely beneath the prolonged axis of the body. The raya of 
the lower lobe increase in length up to the fifth or sixth, which exceed 
the anal fin; and thence diminish till they meet those of upper lobe at an 
angle of 35°. The dorsal fin is preceded by a few, the upper caudal lobe is 
covered by many falcral scales. The thin enamelled scales, disposed in oblique 
series, are similar over the body, those of the upper and lower margin being 
slightly smaller than those on flanks. The obliquity of their axis from the 
production of the posterior inferior angle, gives them im situ a rhomboidal 
appearance. The ridges are more numerous on the lower than the upper 
half, and are not continuous across. 

This very elegant genus is nearly allied to Paleoniscus and Catopterus, 
Renf., and ranks therefore with them among the Lepidosteide. It has as yet 
been found only in Staffordshire. Species unica Cycloptychius carbonarius, 

py. 

Specimens of a tooth, named Strepsodus, in the Jermyn Street Collection 
and Catalogue, are frequent. This tooth, figured as Holoptychius sauroideg 
in the Tyneside Natural History Club’s Reports, has also been referred tq 
Megalichthys, but is generically distinct. It varies from three-eighths to ong 
inch in length, and is distinguished by its bayonet form, a knee-bend occurring 
at the commencement of its distal fourth ; it is slightly curved backwards, the 
convex surface being smooth, the concave traversed by fine parallel, longi- 
tudinal, discontinuous ridges, which die out as they curve outwards towards 
the anterior aspect. The pulp occupies three-fourths of the base, but is re- 
duced to a point near the knee-bend. Seven such teeth are preserved, with 
a fragment of a jaw, in Mr. Ward’s Cabinet at Longton: the implanted equals 
the exeerted portion in length. On the same slab a scale with radial furrows 
occurs. Teeth of the same kind are associated on a block of shale in the 
Hunterian Museum, Glasgow, with cycloidal scales, whose free surface is 
traversed by radiating broad grooves, large vertebral rings whose central 
space is one-third to one-fifth of the whole diameter, flattened neural spines 
and rounded bony spicula, which are probably fin-rays. The form and 
sculpture of this tooth are amphibian rather than piscine; while neither order 
offers any good analogy to its mode of accurrence in the jaw above men- 
tioned. Several doubtful fragments and a deep amphiceslous vertebra suggest 
the presence of Amphibia in the Longton district, 

A quadrilateral scale, with rounded angles, provisionally named Rhombo- 
ptychius, Huxl., is found near Longton; one specimen measures two square 
inches, but is exceptionally large. The posterior smaller portion, marked off 
by two oblique shallow grooves, is ornamented with coarse concentric ridges ; 
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the anterior with very fine striz crossed at the margins by equally fine radii. 
The fine pores between, but not on the coarse ridges, are wanted on the 
anterior surface. The scale seems to belong to some large Glyptodipterine, 
and merits description from its occurrence in the same shales with the tooth 
last described. 

The large transversely oval scale, named Dendroptychius, belongs to the 
same group; its anterior half is finely tubercular by the intersection of con- 
centric and radial strie; the distant, rudely parallel, vermicular, frequently 
bifurcated ridges of the posterior do not radiate from a centre, but pass from 
the whole transverse diameter. The determination of this, like the preceding 
from the same locality, awaits further discoveries. 

The Acanthodian remains are abundant and well preserved. 

Scales of two species of Gyrolepis occur along with those of Paleoniscus. 
Amblypterus is represented by a few scales. 

The Plagiostomous remains are numerous and varied; among them occur 
Orodus, Helodus, Cladodus, and Ctenodus. Among them, as among the 
numerous spines, are several forms which are yet under investigation. 

Of the genus Platysomus, one species, P. parvulus, and a variety unnamed, 
are found; the scale ornament of the one is tubercular*, of the other striated. 
P, striatus, obtained in Derbyshire, is wanting in this coal-field. 

The list both of genera and species will doubtless be augmented when the 
large mass of materials, collected by Mr. Molyneux and others, shall have 
been more fully investigated. 


First Report on the Structure and Classification of the Fossil 
Crustacea. By Henry Woopwarp, F.G.S. 

A crant having been made in September last at Bath (1864) in aid of my 
researches into the structure and classification of the Fossil Crustacea, for 
which the Earl of Enniskillen, Professor Phillips, and Mr. C. Spence Bate 
were appointed a Committee, I beg to submit my first Report. 

The first portion of my investigation relates to the Crustacea of the Devo- 
nian and Upper Silurian formations belonging to the order Eurypterida. _ 

These are now elaborated, and will be published in a Monograph, with 
plates and woodcuts of all the species, by the Palsontographical Society 
during the ensuing year. : ' 

The following is an abridged list of the genera :— 


1. Eurypterus ........ 9 species examined. 
2. Pterygotus ........ 10_ =SC,; » 
3. Slimonia .......... 3 9 ”? 
4, Stylonurus ........ 6 ” 
5. Hemiaspis ........ 5? 1» 


and includes three genera defined, viz. :— . 
Slimoniat, Stylonurust, and Hemiaspis§ ; and also six new species added 


* Anew genus, Amphicentrum, has been founded by the writer upon certain fossils be . iti J 
certain strong anatomical resemblances to Platysomus, while the dentition indicates affinities 
with the Pycnodonts. The description of this genus, with a review of its relations, will 
shortly appear elsewhere. . . seg”? 

t Sec intellectual Observer, vol. iv. 1868, p. 229, ‘On the Seraphim and its Allies. 

+ See Geological Magazine, vol. i. 1864, p. 196, ‘ New Palwosoic Crustacea. 

§ See Quart. Journ, Geol, Soc, vol, xxi, pt. 4, Nov. 1865, “On Hemiaspis. 
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to the list, including the great Stylonurus Scoticus*, nearly 4 feet in 
length. 

Of the other species we now possess much more ample material than was 
at the disposal of Messrs. Huxley and Salter in 1859, when their Monograph 
appeared, and many important details in the structure and position of the 

and their mutual relations are now elaborated. 

In addition to the Devonian localities of Herefordshire, Forfar, Arbroath, 
and Dundee, the Upper Silurian of Lanark, and the Lower Ludlow of Leint- 
wardine, Shropshire, all of which have yielded new and characteristic forms 
(several of them described by me during the past year), I have lately obtained 
from the Wenlock Limestone and Shale, Dudley, good evidence that in this 
locality also species of Pterygotus occur. 

Until June 1865, the oldest known Cirripede was the Pollicipes Rhaticus 
from the Rhetic beds of Somersetshire; but I have just described ¢ a new 
Cirripede with intersecting rows of plates (similar to the Cretaceous genus 
Loricula), from the Wenlock Limestone and shale of Dudley, figures of which 
are addedt. 


TcRRILEPAS WRIGHTI, H. Woodw. (Chiton Wrightii, De Kon.). 
Fig. 1. Specimen from Mr. E. J. Hollier’s collection. 
ig. 2. ‘5 Mr. Charles Ketley’s _,, 
Fig. 8. - Mr. H. Johnson's a5 
Figs. a, 3, ¢ oureent the three forms of plates of which the several rows are composed 
in figs. 1-3, which bear the corresponding letters. The opercular valves are not known. 


Another Cirripede of the genus Pyrgoma, occurring recent on the south 
coast of England and Ireland, living in deep water attached to the edge of 
the cup of Caryophyllia, and fossil in the Coralline Crag of Suffolk, has now 
been detected by me in the Upper Chalk of Norwich. As this is a new 
species I have named it Pyrgoma cretacea. It is interesting to find it asso- 
aated with the same genus of corals (Caryophyllia) both in the Chalk and in 
recent seas. 

I have examined and determined six genera, and am preparing descriptions 
of about sixteen new species of Liassic Crustacea. 


* See Quart. Journ. Geol. Soc. vol. xxi. pt. 4, Nov. 1865, * On Hemiaspis.” 
t See Quart. Journ. Geol. Soc. vol. xxi. pt. 4 
t Two detached valves of this fossil were discovered by Mr. John Gray of Hagley, and 
described as a Chiton by M. De Koninck, Bulletins de l’Acad. de Bruxelles, 1857, 2nd 
ae poe iii. p. 199, pl. 1, f. 2. 
} A 
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Among the new genera are— 


1. Palinurina ...........2005- 2 species 
yD <n 3 5 
3. Glyphea .............0005. 2 
4. Pseudoglyphea .............. 2 +, 
5. Scapheus ...............006 1 , 


besides the genus Eryon, to which two or three new species have to be added. 

I have likewise detected a minute species of Squilla. All these seven 
genera (save one) characterize also the Solenhofen limestone of Bavaria* 
(Upper White Jura). 

I have now to notice a remarkable burrowing Crustacean of the family 
Thalassine (a genus of which (Callianassa) occurs in the uppermost bed of 
the Cretaceous series at Maestricht), as occurring in our Hempstead series 
(Upper Eocene) in the Isle of Wight, and another species in the Greensand 
formation of Colin Glen, Belfast. a 

The death of my brother and colleague Dr. Samuel P. Woodward (my 
best scientific adviser during the past eight years), has materially retarded 
my accustomed work ; I beg therefore to be allowed to speak of this as my 
first report only, and that I may be permitted next year to offer a mora com- 
plete and detailed statement of my researches in this interesting group. 


ES AY 


Report on the Theory of Numbers—Part VI. By H. J. Srernen 
Smita, M.A., F.R.S., Savilian Professor of Geometry in the Uns- 
versity of Oxford. | 


124. Application of the Theory of Elliptic Functions to Quadratic Forms. 
—The Theta Functions of Jacobi.—It will be for the convenience of the reader 
to give in this place a brief statement of a few principles and results which 
belong to the theory of elliptic functions, and to which we shall have occasion 
to refer in the following articles. 
The Theta functions of Jacobi are defined by the equation 
-m=+o 
O,,»(%, w= E- (—1)w stele) £41 (amtnyee | 
m= — 
or if a’ceg, by the dquation 
| M=0O + (omy)? (mtu) 8 
O,,» (@, w) = 2 (—1)"" 9‘ *. 
we m= -—0 

In these equations, » and » are given integral numbers; w is an imaginary 
constant, having for the coefficient of ¢ in its imaginary part a quantity dif- 
ferent from zero and positive ; so that the analytical modulus of g is inferior 
to unity, and the series defining the Theta functions is convergent for all va-. 
lues of w real or imaginary ; lastly, a is a constant at present undetermined, 
but to which we shall hereafter assign a particular value depending on that 
of w. When it is not necessary to specify the value of w, we shall write 
6,» (x), instead of 0,,,(,w). The following equations are immediate con- 
sequences of the definition of the Theta functions : 


* See Oppel’s Palaeontolog. Mittheilung. Munich, 1868. 
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Baa (%) =(—1)rO, (7), 2 2 wee eee 
8, 4a(%) = Ce C) rr €)) 
0, ,(—z) =(—1y78, (2). - 6 6 ee ee ee 8) 
0, (zta) =(—1h 6 (z) - ee eee ‘eee (4) 


0,,, (@+aw)=(—1y 6, , (2) e-#( 22+). cH eee, (5) 
Outpt, v+r(2)=Op,9(2+3(plwty')a) xanfe'ste"E—-S]. 2 (6) 
Thus there are only four different Theta functions, 6)9(x), 91 (%), 910 (2), 
@,, (2) (equations 1 and 2); of these, the first three are even functions, the 
last an uneven function (equation 3); they are all periodic, having a or 2a 
for their period, according as p is even or uneven (equation 4); the.quotient 
oe is doubly periodic, having aw or 2aw for its second period, according 
© At ; ; . 
as »—»' is even of uneven (equation 5); finally, any one of the four can be 
expressed as the product of any other by an exponential factor (equation 6). 
The identical equations : 
Lequtye)tg(Vto)+eVtu*)taq(eite t+ .... | 
=(1—q’(l1— 1-7) x. - - -X(L+ qu +qu\(1+q'v)... : . (7) 
x(l+qu)l+qu"\l+ge").... 
gute tgp tgttut 1 
=(—¢)d 91-7")... xahoto} ee. ® 
x (1+ ¢'v*)(1+ g*e*)\(1+q).... 
x +9771 + q‘0-7)(1+9°e-*) .. 2, oO ot 
in which v is any quantity whatever, and qg any quantity of which the ana- 
lytical modulus is inferior to unity, express an important property of the 
Theta fanctions. Elementary demonstrations of the first have been given by 
Jacobi and Cauchy* ; the second is immediately deducible from it, by writing 


qv for v, and multiplying by gv. We infer from these identities the four 
formule — so 


"oo 
Ba o(2)=2 B, g™ cos 20 8e 
—0o a 
o0 0 ' Qex 
=f], (1— 1 4.29"! oer ag"); . . - (9) 
D (L—g) fhy(2 + 2¢%-* oon = + g'e-*) + 


+0 , 
Oyr(z)ex E (—1)" gn" cos 2 
— 00 a 


=n i_ oO _ 41 Lee , wn-2\. . es (10) 
im ) 12g" 008 ——-+-g 


* Jacobi, Fundsmenta Nova, p. 176-183; Crelle's Journal, vol. xxxvi. p. 75; Cauchy, 
Comptes Rendus. vol. xvii. p. 523, 567. See also the note fry M. Hermite), ‘Sur la Théorie 
des Fonctions Elliptiques’ in the 6th edition (Parts, 1862) of Lacroix, Traité Elémentaire 
da Calcul Differentiel, vol. ii. p. 397. 9 

z 2 
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+2 rev 
6,6(z)= Z, git cos (2m +1) — 
— 
= 294 cos * H (1—q*) cos TL. 1429™ 277 4 gin) ; 11 
ay n( a tt)s - Gd) 


1 -++ 90 . _ 
~OG,(@7)= 2 (—1)*qgt"*" sn (2m+1) = 
8 —o 


~) er) 

—2qt sin "= 0, (—™) 0 (129% 08 =ZF+9!); . (12) 
by which the Theta functions are expressed as convergent products of an in- 
finite number of factors. 

Other important consequences are deducible from the equation 
26,.,, | (z,) 6,.,, Vg (2,) 6,.,, Vy (x,) On, Ws (z,) a 
=0e_4,, o—7, (s—z,) x Oe—ns, o— My (s—z2,) x Oe—u5, o’—Ps (s—2,) 
X Oe—n,, o'r, (s—2x,) 
+86 —p,, o'—, +1 (8-2) X Bo pg, ormrytr ($— 22) X Og—py, of vy +1 (8 — 25) 
X Oo», o/—v,+1 (S—2,) (13) 
+(—1)" Oo—n,+ 1, o'—», (s—z,) x Oa—pat), o’—ry (s—2,) 
x Oe—y,+ 1, o’—p,y (s— ») x Oo —p,+1, o’—y, (s—2,) 
+ (—1)'*°°6,_.4 1, o’—», +1 (s—2x,) x 06 —y,+1, o’—rt1 (s—2,) 
X Bo—py+1, 02541 (8—2) X Oo— pat, 0'—,+1 (S—%)s 
which contains four independent arguments, x, x, 2,,, and in which 2s= 
@ +L +X, +X, 2o=p +potpestey 2e' =r, +y, ++ Wa the numbers 
Ht, Me Hs BH, aNd », vy, », being subject to the restriction that their sums are 
respectively even, so that o and’ areintegral*. Let 7x, 7x’ be two quan- 
tities defined by the equations 
= 9409) 7 1), at 
Viegas VeRO) a4) 
attributing in (13) to the elements 


By Uy, Vy, X, 
Fyy Bas Pss Ba 


the systems of values 
(1) 


0, 0, 0, 0 
0, 0, 0, 0 
0, 0, 0, 0 


* This very symmetrical formula is, it would seem, nearly the same as that employed by 
Jacobi in his Lectures on Elliptic Functions at the University of Konigsberg (see his letter 
to M. Hermite in Crelle's Journal, vol. xxxii. p. 177). It may be proved by actually 


multiplying the four Theta series, and transforming the indices of —i, ™, and «¢ in the 
general term of the product by means of the elementary formulse 
a?+594¢8.4 ten (s—a)?-+(s—5)?-+(8—c)?-+-(s—a)%,; 
au+bB-+ey+d3=(s—a)(S—a)-+(s—b)(E—f)+(8—-oKE—y)+(8—4(Z—8), 
where 2s=a+b-+-c-+d, 28 —0+8-+y7-3. : 
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0 
0 
, 0, 0 
(iii) 0, 0, 0, 0 
1 0 
we obtain successively 
etect=1,. er 
« 1,0(%) == 82 , (2) +063 (x), er er (16) 
x’ 6, o(”) = 0,1(%) + Ot 1 (aw). © e 8 ee © 6 (17) 
Again, attributing to the same elements the values 
x+y, «—~y, 0, 0 
0 


3 > “3 


1, 1,090,090 
8,,1(2—Y) 8,1 (@+Y) 8;,0(0) 8o,0(9) 
= 8, 1() Bo, 1 (7) Oo, 0(Y) O10(y) 
— 8p, 0(%) 9}, 0(%) 8; 1(y) 05,1 (y)- 
Dividing by y, and diminishing y without limit, we obtain 
da (Fal) =, 90,1(0)61,1(0) 6,,0( 2%) 6,0(#) (18) 
dx\G51(2)) 8,0(0)0,0(0) aw) °° 7 


Similarly, we might form the differential coefficient of any other quotient of 
two Theta functions ; of these we require only the two following :— 


a 91,0(7)\_ 90,0(0) 61,1(0) O,1(2) Oo o( 2) ag 
alan ~ @y0(0)G,1(0) (aw) ” (18 a) 


a ae a 6;,0(@)0,,1(2) » e+ » (183) 
Ae \Bo,1(%)J 8o,0(0)8,1(0) a (x) 
We shall now attribute to a, which has hitherto been left indeterminate, 


the value 2K, K being a constant, the square root of which is determined by 
the equation 


+00 fe a) 
a / 2h = 60(0)= Ba Gh =e (L— ge yLge'y's + + (19) 
—o 


we shall also write K’ for ok Attending to the values of »/«' and «x, we 
3 
find from (10) and (11), 


7 + 00 
J Fam = 2 (etd eKI-ey, + 
—~o 


we find 


+ 00 
“aK 9, .(0)= Sq ght? = 2qitla(1—9™ \Aa+gry. - (21) 
—o 


Multiplying together the infinite products (19), (20), (21), and reducing 
by an identity of Euler's, 


a 1 (E) 
jl 1|— ™ =I], ———-, e e e ) e e e e 
iS ~~) y 1+ 9" 
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we obtain also 


DecK mw an To 
/ Beek ein (1—gy gz Bal —1)"(2m+1) git 6%, (0) (22) 
1 —o % 


us 


These equations (19-22) are of great importance in the arithmetical appli- 
cations of the theory. 
The constant a having the partieular value 2K, the functions 


8o,0(“), 6,1 (2); 8, o (2), = 6,1(#) 


are denoted by Jacobi by.the symbals 6,(x), (4), H,(x), H(x); we shall 
find it convenient occasionally to employ this notation, 
The elliptic functions (properly so called), sinamz, cosamz, Aamz, are 
defined by the equations | 
= 1 H(2), ve H(z) ° = 18, (%) 
= TeO(a)’ cos am #= Ve (ay? Aame= A/c Q(z)” (23) 
These functions are all doubly periodic, having for their periods 4K, 2sK' ; 
4K, 4iK'; 2K, 4iK’ respectively ; introducing them into the equations (16-18), 
we obtain 


sin am2 


cos? amz-+sin* am 2==1, \ 

A?amz +.’ sin? am z=—1, 

d.siname 
— 


toe ee ee (A) 


=cos am + Aam 7, } 


d.cosama 
7 = ainam #A.am @, wee ew we 6(25) 


d.Aamez . 
oO ae Bin aM 2 cos aM 2’. 


From these formuls it appears that if y=sin am 2, x is one of the values of 


. d . 

the integral (’ Waa All the values of that integral are re- 
0 — —« 

presented by the formula x+4mK +4 2m':K’, in which m and m’ represent any 

integral numbers whatever. Since sin amK=1, K is one of the values of the 


. ' dy . 

integral { —_—. “____ ; and it can be proved that K’ is ene of the 
» Vy Key") , 

1 dy 


values of the integral —___¥____, _ When the real part of w va- 
) VW (1—y*)(1 —«y’) P 


nishes (in which case g, K, K', x, «’ are real and positive, and «, «’ less than 
unity), K and K’ are the ordinary values of those definite integrals ; 2.¢. the 
values obtained by causing y to pass from the inferior to the superior limit, 
through a series of real values. ; 

The well-known formule of Addition and Subtraction which express the 
elliptic functions of the sum or difference of two arguments in terms of the 
elliptic functions of the arguments themselves, are easily deduced from (13). 
But as we shall not require these formule in the following articles, we may 
omit them here. 7 - 

125. The Modulus and its Complement.—The Theory of Transformation.— 
In the arithmetical application of the theory, the functions « and «’, which are 
respectively termed the modulus of the elliptic functions, and the complement 
of the modulus are of primary importance. They are respectively fourth 
powers of the quantities 
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fe) 


—72e-1 
=u 1—q 


+o" 5 ow | 
"ite? "Tg 


which are themselves oerfeotly determina functions of w, if we understand 


uss of 2qh O. : (26) 


the positive square root of 2 by /2, and « = by q. Of these functions, which 
we shall designate by g(w) and w), the following equivalent expressions 
have been given by Jacobi (Crelle’s Journal, vol. xxxvii. p. 75-77). 


1-9" 4 
u= V2 Tl CFF I=) 
V5 E(—1y gn 


(opment gee 

(1+9*""*)\(1—9™) 

wee W2Q TG (1+¢"")\I—9™) 
=V39 —2 1,0(0, w) w) | 
ne (0, a.0(%2) 


(—g\(1—9") (27) 
(I=q=)(1—9™) 


Vie (gn | 
V 244 1)" ge" ~ V2" 6, (0,20) 

say te a - = 
reenact =I 


zg “Via Bo, o(0, w) w)? 
oo 1—q" 
© Fg Ie —7") 
= org 
w= 7d 1—q"')\(1—¢"") 
(1+ 9*"!)(1—q*) 


— 2(—1)"q*" + 1)"q¢ ante 40,5 w+! 


24 «gant 6,40,$ =) (28) 
w=oi\i 7? (_1— —¢""vO—9q) | 
(ag) 
_ «— (—1)"q" _ 94,(0, w) . 
YX 1)?" ~~ (9, 2w)” 
wen qd —g'™-2)(1 _ q'*) 
(1+q"")"(1—9*) 
wo (—1)"9r" 8,(0, 2w) 
xq” 6 0(0, | w) 


umm ¥2gt 11 
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These expressions of « and u’ may be verified by a comparison of their 
general factors with the general factors in the formule (26): for some of 
them, this comparison requires the Eulerian identity already cited (E). Limits 
of II and 3 are 1,4 0, and —w, +0; the transformation of the products 
into sums is effected by means of (7). 

If w=a-+0i, and if the positive quantity b increases without limit, a re- 
maining finite, we infer, from (26), that 


We shall presently see that 0)=4(— ; hence if w=* end & increase 
without limit, tim » (5) = lim (bi) = +1, lim ¥(3)= lim ¢ (i) = 0, 


t 
4) 
lim —_ = 1. 
V2¢s 

The principal properties of (¢) w and \ (w) are deducible from the Theory of 
the Transformation of Elliptic Functions. The general problem considered in 
that theory is ‘Given wit. where a, b, c, d are positive or negative in- 
tegral numbers, to express the Theta functions containing Q by means of the 
Theta functions containing w.” The determinant ad—be must be different 
from zero and positive, because the coefficients of i in the imaginary parts of - 
w and © must both be different from zero and positive ; if ad—be=n, the 
transformation is said to be of order n. Let A, A’, A, A‘, v, v' be the same 


functions of Q that K, K’, x, x’, u, «' are of w; since Q=? ~ wit, the 
equation wit implies the existence of two others of the form 


1 . 
1 


il Ki =cA+diA!; 


in which M is a coefficient termed the multiplier ; when A has been found, 
M is determined by the equation 


(29) 


1_A —_ Se ee ww (BU 
aE tea +m); (3V) 

it also satisfies the relation 
12 LAC —A’) de ¢. e ° e s e ° ° ° ° (31) 


wwe ee —— @ 


* Fundamenta Nova, p. 75. 


t Liouville, New Series, vol. iii. p. 26 ; and, with less detail, in the Comptes Rendus, 
vol. xvi. p. 171. 


ON THE THEORY OF NUMBERS. 329 


jinbxt 
* a = I skAMd ‘ 
(Fe Vaiatia) ne © + (82) 
in which 
m=ap+ by+ab, ° 
n=cu+dy+cd. 

_* ( 
bu, =e ‘ 
; b~— 

1 

J=—— = 

Vb" 


=(z) ais, if a is uneven, 


acy? + Ibepy + bdv? + 3abeu+ 2abdy +ab%) 
3 


1 ew 
s 3 a(s— 4b)? 


or =(5) ita x j-He—D—-)), if b is uneven * ; 


the radical / —7i(a+6Q) represents that square root of —(a+6Q), of which 
the real part is positive; lastly, A is determined by the equation 
2A J6o0 
——s Sas 0, = Ba » 0 > e 33 
[hm tah0,0)— 7A Ooh ca(Op0) + + 88) 
which is a particular case of the formula (32); and M by the equation 


1 ° 6.8 cd (0 tw) 
—=— 176" aN -e ° e e e ty s e e ° 34 
M 0,0 0,0 (0, w ) ( ) 
The formula supposes that } is different from zero and positive; if b=0, we 
may suppose a==d=1, so that w=c+Q, and the formula of transformation is 


| Os, » (Si OEE Opsentety (1,0), . . + « + (35) 


M 
where 1_%,.(0, 0) 
M Go, 0 (0, w) 


The equations of the annexed Table, which, for any transformation of the 
first order, express the relation subsisting between the given and the trans- 
formed modulus, are also due to M. Hermite, and are of great importance in 
the theory of the functions ¢(w) and Y(w)+. They may be obtained by 
applying the formula of transformation (32) to the expressions of ¢(w) given 
by Jacobi (27). There are six cases, answering to the six solutions, of which 
the congruence ad—bc=1, mod 2 is susceptible. We add, in each case, the 
value of the multiplier. 


* These determinations of the value of J coincide with those given by M. Hermite in 
Liouville’s Journal, vol. iii. p. 20; where, however, it would seem that the formule re- 
lating to the two cases of “a pair” and ‘‘« impair” ought to be transposed. ; 

t “Sur la resolution de I'équation du cinquiéme degré,”” Comptes Rendus, vol. xlvi. 
p- 508; or ina te reprint (including other memoirs from vols. xlvi. and xiv.) with 
the title “ Sur la théorie des équations modulaires, et la résolution de ]’équation du cinqui- 
éme degré,” p. 4. 
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TABLE A. 


(—1)* 


te -1 


od b=) 
s)e * KO)(—1) * 


It would be easy to write these equations so as to express ¢(M) in terms 
of ¢(w), thus completing the solution of the Problem of Transformation of the 
first order; but it is more convenient to retain them in their actual form. 


Similar formule exist expressing Y(w), %%, in terms of ¢(@) and ¥(a)*. 
@) 

The propositions implied in the equations of the Table may also be enun- 
ciated conversely. Thus to case I. corresponds the theorem “If w and © are 
imaginaries in which the coefficient of i is positive, and if ¢?”(w)=9¢"(Q), 
where y=1, 2, or 3, four integral numbers a, 5, ¢,d can be found satisfying 
+00 | tbe 1; axcd==1, mod 2; b=0, mod 2; o=20, 


the relations w= ; 
a+boO, 

mod 2¢-»,” . ; 

“If ¢(w)=9(Q), four integral numbers a, b, c, d can be found satisfying 


the relations on ete, ad—be=1; b=0, mod 2; and either ax=d=t1, 
mod 8, c=0, mod 16, or a=d=+3, mod 8, ca=8, mod 16.” 


* M. Hermite has also shown that the function 
= 
x(w)=4/2. 984 (1g (1+ g(1- gl +94)... 
which isa cube root of $(w) x y(w), possesses a similar property ; viz. if w a 


(5) com be expressed in terms of x(2), 9(G),and 4(G), (Sur la théorie des équations Mo- 
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These converse propositions may be demonstrated by means of the differ- 
ential equations satisfied by the elliptic functions; by a similar process we 
obtain the following equally important theorem :— 

“Tf A is any quantity, real or imaginary, other than zero or positive unity, 
there exist values of w, having the coefficient of i in their imaginary parts 
different from zero and positive, which satisfy the equation 9"(w)=A.” 

When xn is an uneven integer other than 1, the formula of transformation 
" _ tbnat 7 

On. Gp a)=Te KAM. (x0), . . . . « (86) 
in which m and n are determined as before, and T is a homogeneous function 
of order ca of the squares of two of the functions 0,,,(#, w). We need 
not occupy ourselyes here with the determination of A and T, but shall 
confine ourselves to the consideration of the modulus and multiplier alone. 
Representing by (m) the sum of the divisors of n, every binary matrix of 


order # is included in the formule | a |=|4 |e], in which |e | is on unit 


matrix, and|A|one of the (n) matrices | 7° |, and y being conjugate 


divisors of n, and & representing any term of a complete system of residues, 
mod y’. It is thus sufficient to consider a system of (n) transformations of 
order *, since all others arise from compounding transformations of the first 
order with the transformations of that system. If we take, in particular, the 


system of transformations, w= 18k +7 corresponding to the matrices 
7 


_ 16%. y | (since n, and therefore y’ is uneven, we may take a system of 


residues, mod y’, of which every term is divisible by 16), we have for the 
determination of the transformed modulus, the fundamental theorem *, 


‘<The quantities =)9()=(-) ¢ (“=t) are the roots of an equation 
Y Y Y 
of order (n), in which the first coefficient is unity, and the other coeffi- 
cients are rational and integral functions of ¢(w) having integral coeffi- 
cients.” 


This equation is termed the modular equation of the transformations of the 
ath order; designating ¢(w) by u, and (=) ? (==) by v, we shall re- 
Y Y 


present it by f(n, u, v)=0, or more simply by f(u,v)=0. The function 
f(u, v) is characterized by the following, among many other properties, 


for9mi—n0a@)x (>) 
f(u, y—(—) n(-) x (myo i= >) 


* M. Hermite, Sur la théorie des équations Modulaires, p. 36; M. Joubert, Comptes 
Rendus, vol. 1. p. 774; or, in a separate reprint with the title “Sur la Théorie des Fonc- 
tions Eliptiques, et son application a la Théorie dea Nombres,” p. 21. The demonstration 
of this theorem for the onse in which is a prime, is contained in Sohnke’s important 
memoir “ Acquationes modulares pro tranaformatione functionum ellipticarum,” Crelle, 


vol. xvi. p. 67. From thie perticu the truth ef the theorem for any value of 2 is 
inferred without difflculty. pommomar ones meus ° y 


. (37) 
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If in the equation f(u, v)=0 we put u=1(w), the roots are represented 


by (=) y(t? =) 
Y Y tw 


If we put u=e ‘¢(w), where s is any integral number, the roots are re- 


iw tw 
presented by (-) e *¢ (=). If u=e ‘, there arey'roots represented 


by (= 2)" 4, y denoting any divisor of n. If we put ume o 9) , where s 


yw+ mt) 
is any uneven number, the roots are represented by GC 2) 8 em) 
YT A0% 


The equations whose roots are respectively the squares, fourth powers, y 
cighth powers of the roots of f(u,v)=0, contain only the squares, fourth 
powers, and eighth powers of uw; we shall represent these modular equations 


by f,(v’, v7)=0, F,(u',v‘)=0, or FE («, A)=0, and f,(«", v°)==0, or f,(x?,A7)=0. 
The last equation (by what has preceded) remains unchanged if we write (1) 


« for A, and vice versd, (2) 1—x? for x’, 1—A? for A’, (3) = I for «x, for r. 
If » admits of a square divisor ¢?, f(n, u, v) is divisible by t (F 5 u, ( (3) v): 


for if yy = v= (-)¢ (te) is a root of f (Fo ») =0, and 


(= 2) (or =(; v is a root of f(n, u, v)=0. 
" 


t is sometimes convenient to suppose that the modular equation has been 
froed by division from the factors corresponding to the quotients of n divided 
by its square divisors; its degree will then be 


@(n)—20( = )4 x0/.J—..... 
(5 aa) 


if p,, Py». «represent the primes whose squares divide », or nII Qa +5)vif 


p represent any prime dividing ». The roots of this reduced modular equation 
are expressed by the same formula as before; only that y, y', and & are now 
subject to the condition that they must not have any common divisor. 

With regard to transformations of an even order, we shall only have occasion 
to consider the case in which 2 is a power of 2. If n=2, we have the modu- 
lar equations, 

Out niu 


——, Vv =, - 
1+u 1+u! 
of which, if u=¢(w), the roots are given by the equations v'=¢ av(3) 


y= 


* It is easily seen that v=9(w) is one of the roots of f [GE overt), “| =0: 
this establishes the first of the equations (37 ). The other Gyroperties given j in the text are 
deducible from the equations u= ¢(w), v=(; =) (ets ), by applying to w different 
transformations of the first order, and employing the formulas of the Table A. 
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( 5) If we represent the modular equation of order 2+, when 


cleared of fractions, by f(2“, %, ¥.)=0, the modular equation of order 2**', 

or f(t", u, ¥,41)==, is obtained by eliminating v, from the two equations 
. 2v" . 

KM, v, v,)=0, and v4. 41=7 + a We may thus successively calculate the 

modular equations of the orders 4, 8, 16,...; and, attending to the ex- 

pression, by means of the transcendent ¢, of the roots of the equation 

. 2 


1 + y we may establish the following properties: the function 
u 


fl2u, u, v,) is of the order 2“~? in v*, and of the order 2» in u’; the co- 


efficient of ut? is ot}, and the equation is not altered by writing “ for u? 


and multiplying by u* + ; if u=¢(w), the values of v are given by the equation 
vag'(S rrr.) 


or 
in which & represents any term of a complete system of residues, mci] 24—*, and 
correspond to the transformations defined by the formula 
_¢+dQ |a,b =| 1,0 x 1,0 
aon | ¢, a | = | —8h, 28] * | 2h, 1 
where / is any term of a system of residues, mod 8; if v=9(Q), the values 
of w are given by the equation 


5 


PFO, 
Wee(Tooa) oo ttt tt BO) 


where h is any term of a system of residues, mod 2". 

For the determination of the multiplier in a transformation of an uneven 
order n, we have the theorem, 

“If M is the multiplier corresponding to the transformation 

— ' 1! 

wa 18k +O the (n) quantities e=(-1) 7 =o satisfy an equation of 
order #(n), in which the coefficient of the highest power of z is unity, and 
the coefficients of the other powers of z are rational and integral functions 
with integral coefficients of x* ; the absolute term, in particular, being +””®. 

126. The Complex Multiplication of the Argument.—The problem of the 
multiplication of the argument is “Given an integral number n, to express 
the Theta functions of nz and w by means of the Theta functions of v and w.” 
The solution of this problem may be made to depend on that of the addition 
of arguments; for to add n equal arguments is to multiply the argument by n. 
The problem is also included in that of transformation; for if we consider 


the transformation of order n’, of which the matrix is | 0° ° F we have Q=.e, 


A=z=K, A'=K', x= , 
When w is not the root of a quadratic equation having integral coefficients, 


* Jacobi in Crelle’s Journal, vol. iii. p. 308. M. Joubert (Comptes Rendus, vol. xlvii. 
p S41) hns calculated the equations of the multiplier for the orders 3, 5, 7, 11._ See also 
- Brioschi in Tortolini’s Annals, vol. i. (New Series) p. 175, M. Hermite, Equations 


Modulaires, pp. 12 and 31. No completedemonstration of the theorem appears to have 
been given. 
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the transformations, of any square order n*, and of the type 


0” . are the only 
transformations which do not alter the value of w. For if ont and 
w== 0, we have bw?+(a—d)w—c=0. But, by hypothesis, w is not the root 
of any quadratic equation having integral coefficients ; neither is w rational ; 
therefore the three numbers 6, a—d, and o are all sero, and the matrix 

ne is of the type | mo | . Butifw is the root of a quadratic equation hav~ 
ing integral coefficients, an infinite number of transformations, other than those 
included in the formula | m0 |, can be assigned, which do not alter the value 


of w. Let A-+-2Bw+ Cu?==0 be the equation satisfied by w; and let AC— B*== A; 
then A is different from zero and positive; also A and C are of the same sign, 


and may be supposed to be positive, so that wa Sti ; lastly, let @=1, 


or =2, according as (A, B, C) is properly or improperly primitive. Let n be 
any number such that 6’n admits of representation by (1, 0, A); and let 
a, r be the values of the indeterminates in any such representation ; then the 
transformation 


, (o-+rB), a 


. rA 1 
75 (o—rB) 


of order n will not alter the value of w, because om TAt(e—rB)w 
o+7rB+7rCw 
and will have for the reciprocal of its multiplier | 


1 
. lotrB+ Cul= ilo tir v A). 


The transformations derived from different values of n, or from different re- 
presentations of the same value, are all different; and every transformation 
of order » which does not alter the value of w, is derived from some repre- 
sentation of 6*n by (1,0, A); so that the transformations and representations 
correspond to one another one by one, and are equal in number. It will be 
observed that the multiplier corresponding to any of these transformations is 
a complex factor (composed with “ —A) of the number expressing the order 
of the transformation ; so that the transformation is equivalent to a complex 
multiplication of the argument. And the Theta functions containing w# do, or 
do not, admit of complex multiplication, according as w is or is not a quadratic 
8 

If we consider the values of w contained in Theta functions admitting of 
multiplication with ts/A, we see that these values are infinite in number ; 
each form of determinant —A supplying one. But the values of e°(w), cor- 
responding to these values, are finite in number, being six times as many as 
the classes of forms of det.—A; provided that in the enumeration of the 
classes a class of det.—1, or a class derived from a class of det.—1, is counted 
as 4 instead of 1; and an improperly primitive class of det.—3, or 4 class 
derived from such a class, is counted as } instead of 1. For it appears from 
the Table (A) that the values of ¢*(w) corresponding to two equivalent forms, 
are equal or not, according as the transformation, by which one form passes 
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into the other, is or is not of the type et F mod 2. We have therefore 
only to ascertain how many subclasses each class contains, a subclass con- 
sisting of forms equivalent by transformations of the type| et . A simple 


discussion shows that the number of subclasses is six (corresponding to the 
six types of binary matrices for the modulus 2); except in the two cases just 
referred to, when the number of subclasses is reduced to 3 and 2 respectively, 
owing to the existence in those two cases of automorphics which are not of 


the type | 0” ° , mod 2. Thus the whole number of values of ¢*(w) is 6G(A), 


G(A) representing the number of classes of det. —A, counted in the manner 
stated above*. It will be seen that the six values of ¢°(w) corresponding to the 
1 1-2 v—l 
1—x” ar a | 
(being in fact related to one another as the six anharmonic ratios of four 
points). The three values corresponding to the forms of det.—1 are —1, 2, 4; 
and the two values corresponding to the improperly primitive forms of det. 

—3 are the imaginary cube roots of —1. 

It.is an important theorem (to which we shall again refer) that the 6G(A) 
values of ¢°(w) satisfy an equation of that order, of which the coefficients are 
integral numbers (but the first coefficient not, in general, unity). 

The whole number of values of ¢(w), corresponding to the forms of deter- 
minant —A, is 48G(A). For if a be the value of ¢(w) corresponding to any 
form of a given subclass, and 7 be any eighth root of unity, na will be a 
value of 9(w) corresponding to another form of the same subclass. 


127. Jacobi’s Formule for the number of decompositions of a number into 
squares.—The first applications of elliptic formule to the theory of numbers 
were made by Jacobi. The developments, in series proceeding by powers of 
q, of the squares, fourth, sixth, and eighth powers of the functions 

y / OE 1429-4 2¢' 429° +29" 4.00, 


rT 


as 
V/ 2 = g* + 2q*+2q 4 +..., 


which are found in the ‘Fundamenta Nova’ (sections 40-42, and 65, 66), 
are the analytical expression of arithmetical propositions relating to the com- 
position of numbers by the addition of two, four, six, and eight squares. In 
these developments n represents any number from 1 to oo, » any uneven num- 
ber from 1 to o; d is any divisor of n, 3 any uneven divisor of » or any di- 
visor of »; d’ and 3’ are the divisors conjugate to d and 3; and the summa- 
tions indicated by 3,, %,, Zz, and 2 extend to every value of n, », d, and d 
respectively. 


forms of the same class are of the type «’, 1 
K 


Q) = =1+42(—1)* 7f- = 


mm 1443 %(—1) * q*. 


# G (A) is the sum of the densities of the classes of det. —A; the density of » class, 


according to the definition of Eisenstein, being the reciprocal of the number of its auto- 
morphics. 
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, 2K _ _ vo} q*” _ qt 
(2) So =te—1)? lag ite 
o=1 id 
=43,5;(—1)? gs 
4K? ng” q" 
3 =1+4+8>d, ——_ + = 1+ 85, ____+ __ 
( ) x? + 1+(—1)" q” + 2» T(r" 


=1-+4 24%, 3,3¢"— 163, 2iq’=1+4 8[2—(—I)"] 8, 3539". 


4x°K* _ "163 FUt+9") 
(4) 168, (t =162, 


=163,2;0q’. 
v—I 
8K* ng? ye ¥7q” 
5 = _ — nd fa 
(5) a1 +16z, OE —4n(—1) * 
= 
==1443,2(—1) * (48?—8)q". 
y—l 
8x°K* vgiv “= ¥q? 
6 = 4A — — __4_. 
) SEE aan, PE 4x, (1) * PE 
v1 e=1 
=4¥,3[(—1) * —(—1) * tg 
16K* n°q" 
=1+416>,__ + 
(7) x + 82a (yg 


=1+4163,5,(—1)"t4d*q". 
16x*K* _ nig™ 
(8) = = 2563, ig 
= 256%, 25%q™. 


Of these formule, the first two are the analytical expression of the prin- 
cipal theorems relating to the composition of numbers by the addition of two 
squares (see art. 95 of this Report); the others may be paraphrased as 
follows*. ce 

(3) “The number of representations of any number N as a sum of four 
squares is eight times the sum of its divisors if N is uneven, twenty-four 
times the sum of its uneven divisors if N is even.” 

(4) “The number of compositions of the quadruple of any uneven number 
N by the addition of four uneven squares is equal-to the sum of the divisors 
of N.” 

(5) “The number of representations of any number N asa sum of six 


é—1 
squares is 45(—1) * (43%—8”), 8 denoting any uneven divisor of N, & its 
conjugate divisor. In particular if N==1, mod 4, the number of Tepresen= 
é—1 - 


tations is 125(—1)? 3; if N=<=—1, mod 4, it is —202(—1) * 3.” 
(6) “The number of compositions of the double of any uneven number N 


* The expansions of (1) (2), (1) (4), (8) X(2), (3) (4), are algo given in sections 40 
and 41 of the ¢ Tundomenty’ a ys be ae interpreted. 
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s—1 $1 
by the addition of six uneven squares is J, [((—1) ? ~(—1) ? ]é?; ifN=1, 
- 7 bot 


mod 4, this number is zero; if N==—1, mod 4, it is —32(—1) 2 3°.” 

(7) The number of representations of any uneven number as a sum of eight 
squares is sixteen times the sum of the cubes of its divisors; for an even num- 
ber it is sixteen times the excess of the cubes of the even divisors above the 
cubes of the uneven divisors.”’ . 

(8). ‘If N is any number whatever, the number of compositions of 8N by 
the addition of eight uneven squares is equal to the sum of the cubes of those 
divisars of N whose conjugates are uneven.” 

In counting the number of compositions by addition of squares, two com- 
positions are to be considered as different if, and only if, the same places in 
each are not occupied by the same squares; but in counting the number of 
representations we have to attend also to the signs of the roots of the squares. 
Thus each composition by the addition of four squares, none of which is zero, 
is equivalent to sixteen representations. Only one or two of the preceding 
theorems are enunciated in the published writings of Jacobi: see Crelle’s 
Journal, vol. iii. p. 191; vol. xii. p. 167. Some of the others have been 
given by Eisenstein (Crelle, vol. xxxv. p. 135), who had also obtained purely 
arithmetical demonstrations of them from the theory of quadratic forms con- 
taining several indeterminates. ‘‘In my investigations,” ho says, ‘ these 
theorems are proved by purely arithmetical considerations, and appear as 
special cases of more general theorems; at the same time we see why these 
developments close with the eighth power; since, in fact, eight is the greatest 
number of indeterminates for which only ono class of forms, represented by 
a sum of squares, appertains to the determinant —1.” 

In the second of the notes to which we have just referred (Crelle, vol. xii. 
p. 167), Jacobi has given an arithmetical demonstration of the theorem (4). 
It consists in a kind of translation of the analytical proof into an arithme- 
tical one; and is of great interest and importance, as the first example of a 
new method, and as having suggested important researches to MM. Liouville 
and Kronecker (see Liouville’s Journal, New Series, vol. vii. p. 48; M. Kro- 
necker, ‘ Monatsberichte,’ May 26, 1862, p. 307). 

The doubly periodic functions of argument 2Kx btained by dividing any 

v 

Theta function by any other, or the product of any two of them, by the pro- 
duct of the other two, admit of development in series proceeding by sines or 
cosines of multiples of the argument 2. These developments, which, unlike 
the developments of the Theta functions themselves, are not convergent for all 
values of 2, real or imaginary, will be found for the most part in section 39 
of the ‘ Fundamenta Nova’; and the complete system has been given by M. 
Hermite (Comptes Rendus, July 7, 1862), One, which we require in this 
place, willserve as an example of the rest, 

eX ain am 2" ey ge ain ve 

2m ® 1—gq’ * e© ee e (A) 


= E,sin de. gt, 

It is from these developments that the expansions (1)... (8) of the 
powers of , * and / a are deduced Thus, writiag 3 for xin (A), 
we find, sinco sinam Ke=1, 

1865. 24 
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a yl 
eK yyy _f” 
. On ZL I) = q” 
which is the formula (2). We shall now show how the equation (4) oan be 
obtained by squaring this formula. For this purpose we represent by « and 
B any two unequal positive uneven numbers congruous to one another for the 


modulus 4, and by a’ and f’ any two positive uneven numbers not congruous 
to one another for the modulus 4. We then have 


eK q’ qha'+#) 

egy apd) OKI 
, =P+Q—R, for brevity. 
Here 


P=¥,_ T= dB. ed ae i ; 
| gy nT 
again in Q, if we double each term we may suppose B>a; let B=a+4n; 
observing that a may be any positive uneven number, and n any positive 
number whatever, we find 


in-+y 
Q=2 a Sin 
ony yg) 
=2 Fr i Ae whee 
eager eraser cad 
imi qty 


=2 % ———-— 
1 = (l—¢g*)(1—9”) 
Lastly, in BR let a'+3'=4n; so that 


_ q*™* 
t= 22 (I—9")(1—g**-") 


in-1 _. 
== 2" [oY 44 
mB feline ti-ge ] 


dn—1 ont+y 2ng™ 
=2 _ ome © 
_ a Uxgeyi-e) | *I-e 
Consequentlv _ 
K' =P+Q—B 
x 


which is the formula (4). ; . 

Thus by a purely analytical process we deduce from an equation which ex- 
hibits the number of compositions of the double of an uneven number by the 
addition of two uneven squares, an equation exhibiting the number of com- 
positions of the quadruple of an uneven number by the addition of four 
uneven squares, This analysis Jacobi has expressed arithmetically as follows. 
Representing by N an uneven number, by [4N] the number of compositions 
of 4N by the addition of four uneven squares, we resolve 4N in every possible 
way into two unevenly even numbers 2N, and 2N,, and each of these in every 


possible way into two uneven squares; we thus obtain the equation 
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[AN] =Z[2N, am (Qe +1)+ (2y +1)") x [2N, (20-4 1)*+(2y-+1)"), 
in which the summation extends of every pair of uneven numbers N, and N,, 
which satisfy the equation 2N=N,+N,, and the square brackets represent 
the number of solutions in positive integers of the equations included in them. 
Observing that [2N,=(27+1)’+(2y+1)*] is the excess of the number of 
divisors of N, which are of the form 44+ 1, above the number of its divisors 
which are of the form 44—1, retaining the signification of a, B; a’, 3’, and 
denoting by a and 6 any positive uneven numbers, we may transform the ex- 
pression of [4N] into the following, 

. (4NJ=[(2N=(a+ b)a)]+[2N =aa+68]—[2N =aa'+ bp’), 
in which the square brackets still retain the same signification. ‘Supposing, 
as before, G>a, and B=a-+4n, we have 
(2N=aa + 6B)=2[2N=a(a+b) + 4nd]; 

or, putting a==»+4kn, » being less than 4n, 
y being uneven and »<2n. Again, if in [2N==aa'+5f"] we write 4n for 
a’+', and suppose a> (the supposition a=) is inadmissible as it would 
render N even), we have 


[2N ae! +08 ]=2[N mal" 4 Onde ON= vet Qny, 


as before. Hence [2N aa + 08) [2N—aa +58 )=0, and [4N]=(2N 
=(a+56)a], i.e. [4N] is the sum of the divisors of N. In this arithmetical 
process we determine the coefficient of qN in P, Q, R, instead of determining 


those functions themselves ; and as the difference Q—Re— 2, is an 


even function in the analytical process, so the difference [2N=aa+ 66] 

—[2N =aq’' + 5/3] vanishes in the arithmetical one. 

* Lejeune Dirichlet, in a letter addressed to M. Liouville (Liouville’s Journal, 
New Series, vol. i. p. 210), has put Jacobi’s demonstration into a form in which 
it is more easily followed, but is a little further removed from the analysis. 
He shows that to every solution of the equation aa+53=2N, in which 
a>, there corresponds a solution of the equation a’a' +b'B'=2N, in which 
a'> (3, and vice versd, the two solutions being connected by the relation 


a’, 8 =| e+1,4¢+2 b, @ 
B', —a’ zw ,x+1 x a, —B |’ 
where 2 is the integral number immediately inferior to B 3’ or, which is the 
a= 


same thing, to €.. Hence, as before, [2N =vac +53) =[2N =a'e’ +b'p'}, 


and [4N] is equal to the sum of the divisors of N. 

128. Theorems of Jacobi on Simultaneous Quadratic Forms.—In an elabo- 
rate memoir “On Series whose Exponents are of two Quadratic Forms” ®, 
Jacobi has established a great number of elliptic formule, which are the ana- 
lytical expression of theorems relating to the representation of numbers by 
certain quadratic forms. A comparison of the two criteria of Gauss for the 
biquadratic character of 2 with respect to a prime p of the linear form 8k +1, 
leads to a result which will serve as an example of these theorems. By the 
first criterion, 2 is or is not a biquadratic residue of a prime p of the form 
8k+41 according as a is even or uneven in the equation p=(4a+1)?+ 80’ ; 

* Crelle’s Journal, vol. xxxvii. p. 61 and 221; or Mathematische Werke, vol. p. 67. 
A 
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by the second, 2 is or is not a biquadratic residue of p according as @ is even 
or uneven in the equation p=(4a+1)?+168°*. We infer therefore that 
a+ Bis even, or (since a +6-+ a is even by virtue of the congruence (4a + 1)? + 
8b?= (4a¢+1)?, mod 16) that a+6+6 is even. This result is thus gene- 
ralized by Jacobi. 

‘For any number P the sum 2(—1)’, v. ¢., the excess of the number of 
solutions of the equation P=(4a+1)?+ 88? in which 6 is even above tho 
number of solutions in which 4 is uneven, is equal to the sum 5(—1)**, ¢. ¢. 
to the excess of the number of solutions of the equation P= (4a+1)?+16,?, 
in which 2+ is even above the number of solutions in which a+ (3 is uneven.”” 

The generalized theorem is expressed analytically by the equation 


2(—1)rgetettes E(—T)ting tm, |, (2) 
in which the summations extend to all values of m and n from —o to +0. 
But this equation is an elliptic formula; for, on dividing by gq, and writing 
q for g°, it becomes 


. x _ 1)*q" x Eq tm = x(— 1)*q?"3(— 1)"q"+™, 
which is included in the equations (28) of art. 126, and is therefore a corol- 
lary from the fundamental property of the Theta functions expressed in equa- 
tion (7) of art. 124. We infer at the same time, from the equations (28), 
that either of the sums ( —1)*+* qt" He" or 5 (— 1) "geet "+" is equal to 
m= 00 


the infinite product gil (1—q*)(1—q'™). 
m=l 


We thus arrive at an analytical proof of Jacobi’s theorem, including, as a 
particular case, a proof of the identity of Gauss’s two criteria. But the con- 
tinuation of Jacobi’s memoir was intended to contain direct arithmetical 
demonstrations (which, however, have never been published) of the theorems 
of which the equation £(—1)’==(—1)°** is an example. He says, 
‘‘Though these arithmetical demonstrations of results obtained analytically 
present no essential difficulty, yet they are sometimes of a complicated cha- 
racter, and require peculiar classifications of numbers which perhaps may be 
of use in other researches. We have here a certain amount of freedom in the 
choice of methods, so that the proofs can easily be varied” t. Probably one 
of these methods was that employed by Dirichlet in his earliest arithmetical 
memoir, to which Jacobi expressly refers. In this memoir} (written when 
only the enunciations of Gauss’s criteria for the biquadratic character of 2 had 
been published) Dirichlet gives a demonstration of the first criterion, which 


* Theoria Residuorum Biquadraticorum, arts. 18-21. To the second criterion we have 
already referred in this Report (art. 24, and in the additions to Part I., printed at the end 
of Part IT.) ; the first is more elementary, and is inferred from the equation p-=(4¢+1)?-+- 
82%, iu which p isa prime of the form 8k+1. Raising each side of the congruence —507=: 


pot p-! 
(42-+4-1)%, mod p, to the power eo, and observing that 2 * =(2)=1,(- * =1, 


wefind 2 © ()=(*4). But if 6=27 8, where 8 is uneven, () = (f)= (4) el, 


_ 404-1 ? 83? ( ‘ ) l a 
— 2 * —mamee | =(7—T7)=\(7ai1/ > ° 
because p= (4a+1) » mod B; and ( > ) (24) (ar +1 (-1) 
a=! ; 
Hence 2 * = (—1)*, mod yp, which is Gauss’s first criterion. 
t Mathematische Werke, vol. ii. p. 73. 
t Crelle’s Journal, vol. iii, p. 38. 
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does not differ from that subsequently given by Gauss (Theor. Res. Biq. Comm. 
prima, art. 13), and then deduces the second criterion, as follows, from tho - 
first. Since p=(4a+ 1)?+80?=(4a+1)?+ 166", we have [4(a+)+1]x 
[4(a—P) +1]=(4a+1)*—86*. No common divisor of 4¢+ 1 and 6 can also 
be a common divisor of 4(a+)+1 and 4(a—3)+1, t.¢. of 4a-+1 and 5; 
for p is not divisible by any square. The greatest common divisor of (4a-+1)? 
and 6? must therefore be a product of two relatively prime uneven ‘squares 


3 and 8°, dividing 4(a-+)+1 and 4(a—/)+1 respectively ; *@ +6) +1 


is thus a divisor of the quadratic form x?—8y’, in which 2 and y are rela- 
tively prime; it is, consequently, itself of that quadratic form, and 
4(a+)+1=1, mod 8; this congruence implies that a+ 6 = 0, mod 2, or, 
which comes to the same thing, that }=a+,, mod 2. It will be seen that 
this demonstration of the congruence 6==a+{, mod 2, applies to any two 
representations of any number P by the forms f=(4a+1)?+85* and 
¢= (4a +1)?+ 16,3, provided that in the two representations the four num- 
bers 4a+-1, 4a-+1, 5, 8 have nocommon divisor. To prove, for every uneven 
value of P, the truth of Jacobi’s equation 2(—1)*=2(—1)**?, we observe, 
first of all, that the equation is evidently truc if P is not =1, mod 8, or if P 
contain an uneven power of a prime of the linear form 8k+-7; for in these 
cases there are no representations of P by either form. We mey therefore 
suppose that P is of the linear form 8/+1; then the equation is true if P 
contains an uneven power of any prime p of either of the linear forms 8k +3 ; 
thus if P=p+!)’, where P’ is prime to p, and p= P’=3, mod 8, there 
are no representations of P by ¢, so that 2(—1)**"=0; let the equations 
prtiza’ + 2y’, P’ =XK*+ 2Y" denote generally those representations of p9+! 
and P’ by the form (1, 0, 2), in which the first indeterminate is = 1, mod 4; 
then the representations of P=p%+! x P’ by f will bo comprised in the for- 


mula P= (2yY —rX)?+8 ete “e, but of the two numbers 4(yX+2Y), 


4(yX—xY) (both being values of the second indeterminate), one is uneven 
the other even; whence 2(—1)’=0=3(—1)**". Similarly if P=p*+) P’, 
where P” is prime to p, and p = P’=5, mod 8, there are no representations 
of P by f, and it may be shown that 2(—1)*t?=0=—2(—1)*. We may 
therefore confine ourselves to the case in which P is composed of any powers 
of primes of the linear form 8k +1, and of even powers of primes of the forms 
8k+43, 5,7. If, on this supposition, P=P’x P”, where P’ and P” are rela- 
tively prime, and each is = 1, mod 8, the sums 2(—1)* and 3(—1)***, rela- 
tive to P, arethe products of the corresponding sums relative to P’ and P”. 
This may be proved by observing that the representations of P by f [or ¢] 
may be obtained by compounding the representations of P’ and P” by that 
form, and that each representation of P has the character of an even or uneven 
b [or @+ 3] according as the representations of P’ and P” of which it is com- 
pounded agree or differ in respect of that character. Thus it is sufficient to 
consider the four cases in which (1) P=p’, p==1, mod 8; (2) P=p*, p=3, 
mod 8; (3) P=p*, p = 5, mod 8; (4) P=p™, p=7, mod 8, In the last 
of these cases it is evident that x(—1'= 41=2(—1)*7? ; in the others, 
the proof is supplied by Dirichlet’s method. (i) If P=p”, p= 1, mod 8, there 
are two primitive and »—1 derived representations of P by each form; and 


* For 2y¥ —2X == 1, mod 4; and theZrepresentations comprised in the formula are all 
different, their number being equal to the number of sets of representations of P by (1, 0, 8). 
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the application of Dirichlet’s method shows that, for every representation of 
- P by ¢, (—1)*** has the same value as (—1)’ in either primitive represen - 
tation of P by f, and, conversely, that for every representation of P by f, (—1)° 
has the same value as (—1)*** in either primitive representation of P by ¢; 
whence the units (—1)* and (—1)*** have all the same value, and 2(—1)* 
= 2(—1)*t*=+(v+1). The ambiguous sign is that of (—1)’ in the pri- 
mitive representation of P-by f, and will be found (by reasoning similar to that 
which establishes Gauss’s first criterion) to comcide with (—1)*?-) , where 
p=! 


e is the unit satisfying the congruence 2 * =e, mod p. (ii) If P=p*, p=3, 
mod 8, there is but one representation of P by g, and £(—1)**?=:(—1)”: 
there are 2v+1 representations of P by /, of which two are primitive, 2(»—1) 
are derived from the primitive representations of p’, p*,... p*”—), and in the 
remaining one b=0. Applying Dirichlet’s method to the equation 
q?7= (4a4+1)?4+86°=(4a +1)? +168" 

(in which e=1, 2,..», B=0, 4a4+1=(—1)7q’, and the representation by 
fis primitive), we find (—1)’=(—1)’; whence inasmuch as the character 
(—1)° is the same in a derived representation, and in the representation from 


v 
which it is derived £(—1)*=1+425(—1)"=(—1)"==(—1)***. (iii) Lastly, 
4 


if P=p*, p=5, mod 8, there is but one representation by f,and ~(—1)°= +1; 

there are 2y+1 representations by g. Applying Dirichlet’s method as in 

the preceding case, we find that for any primitive representation of an even 

power of p by g, (—1)***=+1; whence, for a derived representation in 

which the greatest common divisor of the indeterminates is q”, (—1)**? 
, y—1 

‘=(—1)’. Consequently M1 =2e (—1)’?+(-l’= +1=(—1)’. 


This completes the demonstration of Jacobi’s theorem. 
"Let P be any uneven number and y(P) the positive numerical transcendent 
defined by the equation . tien: 

d-1 -1 —1 , &—-1 


1P) x W(P)=X(—-1)? x¥(-1) ° xX(—-1) 7 * 

where ue ) is the Steuben of divisors c P? and d is any divisor of P. It 
will be seen that x(P)=0, except when P is capable of representation both 
hy ¢ and f: when P is capable of such simultaneous representation, let 
P =(4a+1)'+16(" be a representation of P by ¢ in which the greatest 
common divisor of 4a-+1 and (is the least possible ; let w=4a+1+46f, and 


let [- +] represent the quadratic character (art. 27) of 1+ with respect 
to w; the equation 
) at+B 1+t P 
{—1) ax Y( —1) =| x( ) 
will hold in each of the cases considered separately above; but the nume- 
rical functions occurring in this equation satisfy the condition ¢(P,) x o(Py) 


_=9(P, P,), where P,, P, are relatively prime; the equation is therefore uni- 
versally true for every uneven number P, and implies the identity 


x{—1 ger tytten? a 3(— 1)"* ng(amti P+160* > Ea x(P)9”- 
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From the nature of the identity (2) it is evident that we may substitute 
any function whatever (which renders the two series convergent) for the 
exponential of g. Thus, for example, we find 

(yp =e tex) 
[(4m+41)?4+8n*} 48  [(4m+1)*+16n7]'* [= P'te 
=I] _ ft Il 1 i ———_ 1 , 
1—_.7_)\ +. _i —_—_i_ 
p} +9 p20 + 9) ps +9) 
where p,, P2, p, are primes of the forms 8n+1; 8n+3; 8n-+-5 or 7, respect- 
ively; and 7 is a positive or negative unit determined by the congruence 


2 


(—1) ° 2 * =n, mod p,. 

It would seem that the method of Dirichlet which we have here described 
may be employed to prove all the theorems of Jacobi’s memoir in which the 
two forms compared have different determinants. Those in which the two 
forms compared have the same determinant, or determinants differing only 
by a square factor, are of a more elementary character, and are capable of 
immediate verification. But Dirichlet’s method may also be extended to cases 
in which one or both of the forms compared has a positive determinant. One 
example will suffice. If P=(2a+1)?+8b’?=(2a+1)?—8’, we have 

E(—1)"9f (2m+1)* + 8n*]= 2 —1)™*4f (2m4 1)°—8n"), 
¢@ representing any function whatever which renders the series convergent, 
and the limits of m and n in the first sum being 0, ©, and —o, +0; in 
the second sum 0, 0, and 1, 4(2m+1). 

129. We proceed to indicate very briefly the origin of the principal formule 
in Jacobi’s memoir. Three of them are distinguished from the rest as general, 
being deduced from the equation (7) of art. 124, without any specialization. 
If in that formula we write successively +z and —z for v, and multiply the 
results together, the left-hand member becomes 2( — 1)*q""+" zt. the right~ 
hand member may be written in the form 


i? 8) 
Dg 91g) x11 gX — ge \(1g te), 


where the | second infinite product, by the equation (7), is equal to 
2(—1)"q*" 2", and the first to 5(—1)"qg™". Hence 

| Y(—1)"gn tr = E(— Lystaghntteiiz, we 6 « (A) 
which is one of Jacobi’s general formule. The other two general formule, 
and most of the special ones, aro obtained in like manner by considering infi- 
nite products which are capable of being expressed in more ways than one as 
the product of two Theta functions. To arrive at his special formule, Jacobi 
transforms the equation (7) by writing ¢*, where a is positive, for g,and +q° 
forv. He thus obtains the equations 


co 
NCL — ghee )(1— gre — gi) = 21), 


fe a] 
T1(L-+ gheme-8y(1 + geet) 1 — gine) em yt 
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Any infimite product of either of the types occurring in these equations he 
calls an elliptic product ; and every infinite product which can be formed in 
more ways than one by the multiplication of two elliptic products, leads 
directly to one of his special formule. The five following elliptic products 
arc of great importance in the theory; they correspond to the suppositions 


as1,b=0; a=2,b=1; a=3, b=]. 


n(1—g yg") = 2(— 1g" 

2 

(Lg — 9) = 24" 

WL gty Lg) =3(— De po 
© 2 

(1 +g") (A 9) = Bg 


i? 2) 
n(1—9")=2(— 1)" 
1: 


the first two are the equations.(19) and (20) of art. 124; the last is a celc- 
brated formula due to Euler. 

The infinite products in the numerators and denominators of the fractions 
equal to w and w’ (equations 27 and 28, art. 125) are all elliptic products of 
one or other of these five types, in somo cases with g’, or q°, or —q substi- 
tuted for g. Hence a comparison of any two of the fractions cqual to u or 
to wv’ gives immediately one of Jacobi’s special formule. The demonstration 
of the formula (2) in art. 128 will serve as an example of this process. 

Again, Jacobi has shown that the Eulerian product (art. 124, E.) 


n o | 
(1 +q")=M pac 
1 yi-e 
which Euler had himself represented by the fraction 
 @) 1—q™ ’ x(—1)"¢"" 
H 1— a” 7 7 \m dae tin)? ® 
1°~f &-1)"¢ 
can ke represented by six other fractions of which both the numerators and 


denominators are elliptic products; either the numerator or denominator, or 
both, being of one of the types (B). Thus, for example, 


‘¢ 6) 

90 (1+ 9""?)(1+9""")(1—9"") 
1 : 
n(1+9")= 


we ew ew ew (C) 


Tgite"t+~) ; 


ae D 
— 3(-1)"9" ” 


n(1—9*-*)"—9") 
1 


Here again a comparison of any two of the seven equal fractions gives one 
of the special formule: thus writing g* for q in the two fractions (C) and (D), 
we fin . 
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=(—1 regent teotin = B(—1 yn tegrertntenent 


which, however, is only a particular case of the general formula (A). 

The Eulerian product is also of importance in the theory of the partition 
of numbers. If it be developed in a series proceeding by powers of q, the 
coefficient C(m) of the mth power of ¢ in the development, expresses the number 
of ways in which m can be composed by the addition of unequal numbers, or 
by the addition of equal or unequal uneven numbers. Euler observed that his 
fractional expression of the product furnishes a recurring formula for tho 
calculation of C(m), and the same thing is true of each of Jacobi’s fractions ; 
the simplest of the seven recurring formule being that arising from the 


fraction (D), viz., 
2(—1)*C(m— 3s") =e, 


the summation extending to all positive or negative values of s for which 
m—ds’ is not negative, and e representing 1, or 0, according as m is or is not 
of the form 4(3n’ +72). 


00 +c 
The equation M(1—q")= Z (—1)"qis»*+m) is memorable historically as 
1 —o 
the carliest example of the introduction of a Theta function into analysis*. 
It expresses the theorem 

“The excess of the number of ways in which a given number can be com- 
posed by the addition of an even number of unequal numbers above the 
number of ways in which it can be composed by the addition of an uneven 
number of unequal numbers is (— 1)” or 0, according as the given number is, 
or 18 not, of the form 4(3m?+m).” 

Of this theorem Jacobi has given an arithmetical demonstration, repro- 
ducing Euler’s proof of the analytical formula. 


oD 00 
The logarithmic differential of 1(1—q") is -; Yd(m)q", where @(m), as 
1 1 
in art. 125, is the sum of the divisors of m: Euler thus obtained the equation 
0) +o +o 
; Om)" x BZ (—1L)*gqhow+m=h S (— 1) (Bn? + m) qian»), 
— oO — 00 , 


which supplics a recurring formula for the calculation of @(m), viz., 
(—1y0(m—"SE*) =B(m), 
the summation extending to all positivo or negative valucs of s for which 
3s* +8 
2 
is, or 1s not, of the form 4(3s’+:8)f. 


* In the year 1750 or 1751. Nov. Comm. Petropol. vol. iii. p. 155. 
t On the equations N(1+-9") =e TI(1—g") = ¥(—1)"gi*"+™), and their 


connexion with the partitions and divisors of numbers, see Euler, Nov. Comm. Petropol. 
vol. iti. p. 125, vol. y. p. 59 and p. 75; Acta Petropol. vol. iv. part 1, p. 47 and p. 56 (or 
Commentationes Arithmetices: Collecte, Nos. [X., XI., XVI., L.; the first memoir in vol. 
iv. of the Acta is omitted in the collection); Introductio in Analysin Infinitorum, part 4, 
cap. 16; Waring, Philosophical Transactions for 1788, p. 388; Legendre, Théorie des 
Nombres, ed. 3, vol. ii. p.128 ; Jacobi, Fundamenta Nova, p. 185, Crelle, vol. xxxii. p. 164, 
vol. xxxvii. p. 67, 73 (or Mathematische Werke, vol. i. p. 345, vol. ii. p. 78, 79). 


m is positive, and E(m) representing (—1)'t'm, or 0, according as m 
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Thecubeof the Eulerian product is equal to the series $2( —1)"(2m + 1)git=*+m 
(art. 124, equation 22) ; so that ' 

[(—1)*giette P= 3X —1)"(2m+41)gietm, 2 2 2 2 (FP) 
a result which in an earlier memoir (Crelle, vol. xxi. p. 13, or translated in 
Liouville, First Series, vol. vii. p. 85) Jacobi describes as “ hitherto unparalleled 
in analysis.” Writing q™ for g, and multiplying by gq’, it becomes 


3\ oy > 
[ =(5)a*] =2(—1) * bm, 
the summations =, and £, extending respectively to all positive uneven 


numbers, and to all positive uneven numbers prime to 3. In this form it 
expresses the theorem 


‘‘The sam = ma extended to all compositions of any number N by 
the addition of three uneven squares aj, a3, a3, all of which are prime to 3, is 


(—1) 2m or 0 according as N is or is not the triple of an uneven square.” 
Differentiating logarithmically, we find 


| 2(-1)* (2)Ke—myerne 


This equation (in which all the exponents have the same quadratic form) 
admits of immediate verification, elementary considerations sufficing to show 


| b=! 
that the sum £(—1) (=) b(a?—&7) extended to every solution of the equa- 


tion N =a’ +35", is zero. Jacobi thus obtains a direct arithmetical proof of 
the formula (F). (Crelle, vol. xxi. p. 15-18.) 

The square and the cube of the Eulerian product can also each of them be 
represented in two different ways as the quotient of two elliptic products. 

Other formule of Jacobi’s are inferred from the fundamental equation (7) 
in asomewhat more complicated way. Replacing v in that equation by certain 
roots of unity, and multiplying two or more of the results together, Jacobi 
obtains products which can be expressed in more than one way by means of 
elliptic products; the formule thus deduced are remarkable chiefly because 
they lead to equations, not between two, but between three or more series, 
the exponents of which have certain quadratic forms. 

Lastly, a few additional equalities are derived not from the fundamental 
equation, but from the modular equations of the third and seventh orders. 
The modular equation of the third order was brought by Legendre into the 
form “«’\'+ /ck=1; whence evidently ¢7(w)¢?(3w) + ¥7(w)y"(3w)=1 ; 
writing for the functions ¢? and y/’ their values given by equation (14), art. 124, 
and changing q into q‘, we find . 

E(L—(— 1) te) gt) = Ag et tt aett ? 

The equation of the seventh order, in the form in which it has been put by 
M. Gutzlaff*, 
admits of similar treatment, and furnishes as many as seven formule on 


account of the variety of expressions which the equations (27) and (28) allow 
us to substitute for ¢ and y in the equation ¢(w)o(7w)+Ww)y(7e)=1. It 


* Crelle’s Journal, vol. xii. p. 178. 
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is only necessary to observe that we must choose for ¢(w) and yw), and 
similarly for ¢(7w) and {7w), expressions having the same denominator. 

At the beginning of his memoir Jacobi says that the formule to which it 
relates are probably finite in number. It would seem that when he expressed 
himself thus, he had not. yet found his three general formule, each of which 
contains an infinite number of equations between series having their exponents 
contained in the same quadratic form. But it is certainly very unlikely that 
equations between series whose exponents are contained in different quadratic 
forms, exist for any but a few of the simplest forms, or for them in infinite 
number. ; 

130. The Formula of M. Kronecker.—We now come to an important series 
of results, discovered within the last few years by M. Kronecker, which form 
a memorable accession to our knowledge of quadratic forms, and which have 
opened an entirely new field of arithmetical inquiry. Their demonstration 
requires considerations of a very complicated kind; and as they are certainly 
among the most interesting, so also they must be reckoned among the most 
abstruse of arithmetical truths. Unfortunately, in the brief notices* which 
M. Kronecker has given of his investigations, his methods are indicated only 
in a very general manner; and, notwithstanding the light which has been 
thrown on them in the subsequent memoirs of MM. Hermite and Joubertt, 
it is occasionally difficult to rediscover them. Nevertheless, as a mere enu- 
meration of formuls, unaccompanied by any explanation of the methods by 
which they have been obtained, would be of little use to the reader, we shall 
attempt in the next article a complete demonstration of one or two of them, 
which may serve as specimens of the rest. 

The following (with an unimportant chango in the notation) are the eight 
equations given by M. Kronecker (Crelle, vol. lvii. p. 248; Liouville, New 
Series, vol. v. p. 289). 


I, F(2*m) + 2F(2m— 1?) 4+ 2F(2*m—2")+... 
== 2(m) + O(2*— 2m) + ¥(2-7m). 
II. F(2m) + 2F(2m— 1") + 2F(2m— 2") + 2F(2n—3") +..." 
III. F(2m) — QF (2m—1?) + 2F(2m—2)—2E(2m—3') +. - 


IV. 3G(m) + 6G(m— 17) + 6G(m— 2?) + 6G(m—3?) +... 
= O(n) +34(m). 
V. 2F(m) +4F(m— 17) + 4F(m— 2*) + 4F(m—3?)+... 
= (m) + ¥(m). 
* Tho following are the memoirs of M. Kronecker on the application of the theory ot 


elliptic fanctions to quadratic forms. 
(1) “ Ueber elliptische Functionen und Zablen-Theorie,” Monataberichte, Oct. 29, 1857 ; 


and translated in Liouville, New Series, vol. iii. p. 265. 
(2) “Ueber die Anmhl der verschiedenen mn von quadratischen Formen von 
negativer Determinante,” Crelle, vol. lvii. p. 248; and in Liourille, vol. v. 


p. 289. . 
(3) “Ueber eine neue Kigenschaft der quadratischen Formen von negativer Determt- 
nante,” Monataberichte, May 26, 1862. — 
en “ Ueber die complexe Multiplication der elliptiacher Functionen,” Ibid, June 26, 1862. 
oo) ag ons der Pellachen Gleichung mittelst elliptischer Functionen,” Ibid, Jan. 


+ M. Hermite, “Sur ls théorie des équations Modulaires ;” M. Joubert, “ Sur la Théorie 


des Fonctions Eiliptiques et eon application a le Théorie des Nombres,” already cited in 
the note on art. 125. 
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VI. 2F(m)—4F( m—1’)+4F(m—2?)—4F(m—3?)+... 
=(—1)t=-'6(m)—¥(m)]. 
VIL. 2F(m)—4F(m—#) + 4F(m—8*) —4F(m—12")+... 
=(—1)}) *-7" (am) — ¥'(m)]. 


ye) Pop/(m—F\ ("= 
VOL 43,(—1) [2F( = ) 36("") | 
1 Ga ’ ’ 
=(-8[ e@)—¥o9 J. 
- Jn these formule m is any positive uneven number ; in the Ist, wp 18 > 2; in 
the 7th, m is ==—1, mod 8; inthe Sth, m is =+1, mod 8, and the summa- 
tion extends to all values of s for which “= is integral and not negative ; 


similarly, the series in the first seven formulz are to be continued until the 
numbers affected with the signs F and G becomenegative. Ifn is any posi- 
tive number, even or uneven, #(») is the sum, of the divisors of n, ¥(n) the 
excess of those divisors of n which surpass “n above those divisors which 


are surpassed by Vn; #(m) is the sum 2(3)4 extended to all the divisors 
of m; Y'(m) the excess of the sum (5)! extended to all the divisors of m 


which surpass ¥ m, above the sum 2(3)4 extended to all divisors of m 


which are surpassed by Ym. Lastly, F(n) is the number of uncven classes, 
G(n) the whole number of classes, of forms of determinant —n; the classes 
(1, 0, 1), (1, 1, 1), and their derived classes, being counted as 3 and 4 re- 
spectively ; to F(0) we attribute the value 0, to G(0) the value —+;*. 

The arithmetical functions F(n)and G(n)satisfy the equations F(4n)=2F(2); 
G(4n)=F(4n)+G(n); G(n)=F(n), if n=1, or 2, mod 4; G(n)=2F(n), if 
n=7, mod 8; G(n)=4F(n), if n=3, mod 8. With the help of these rela- 
tions (which may be demonstrated by elementary considerations [see art. 113 
of this Report], but which may also be inferred from the theory of elliptic 
functions) the formulsz I.-VILI. may be transformed and combined in various 
ways, so as to afford new and interesting results. Of these derived formulz 
M. Kronecker has given two, 


IX, F(n)+F(n—1 . 2)4F(n—2 .3)+F(n—3.4)+ -- 
=1¥(4n+1), | 
X. E(n)4+2E(n—1?) + 2E(n—2*) + 2E(n—3*) + .. 
= 42+ (—1)]X(n), | 7 
where n represents any positive integer, X(n) the sum of its uneven divisors, 
and E(n)=2F(n)—G(n), so that E(n) is a function satisfying the equations 
F(4n)=E(n); E(n)=0, if n==7, mod 8; E(n)=$F(n), if 2==3, mod 8. 
The first of these formule is obtained by subtracting VI. from V. a for 
F(n—k .k+1)=4F(4n4+1—[2k+1f). The other, if n is uneven, coincides 


® The right-hand members of the formule I.-VIII. are rendered simpler by this con- 
ventional estimation of a class of det.—1 as 4, and of an improperly primitive clase of det. —3 
as 4. We bave already seen that this convention is a natural one (art. 126, note) ; it is, 
however, less easy to interpret the assumption G(0)=— ¥4. M. Kronecker has given his 
formulz in their complete expression when these conventional estumatious are d ed ; 
7 his oul uent notes, however, he seems to prefer the simpler form, which we have 
opted in the text. 
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with [V.]—4[IV.]; and with ITI. if x is unevenly even. If n is the qua- 
druple of an uneven number, ils left-hand member may be written in the 


= [9(3)+28(G-1") + 284-2 a ] 
+ [4F(n—1’) + 4F(n—3?) + 4F(n—5’) + ...]; 


the ‘sum of the first of these series is ax(7)=3X(n) the second series, 


coinciding with 4{I.]—4#[V.], has for its sum 4X(n); the two series together 
are therefore equal to 2X(n). Lastly, the formula, if true for any even 
number, is also true for its quadruple ; for if n=0, mod 8, 


Ein) + 2E(n—1%) + 2E(n—2")+ ... 


“(HG (()oa(2)+--J 
+[2E(n—1?) + 2E(n—3*) + 2E(n—5’) + ...], 


and every term of the second series is zero, because the numbers n—1?, 
n—3*,.. are all =7, mod 8. 

Of the preceding formule those which contain the functions ¥ and ¥’, are 
to be regarded as of a more abstruse character than those which only contain 
X,o, and ®’. The latter, in fact, are deducible from known theorems of 
arithmetic. Thus if we multiply the formula X. by 12, the. right-hand 
member becomes 8[2+(—1)"]X(%), or the number of representations of n 
as a sum of four squares (see art. 127). Consequently 12K(n) is the number 
of representations of n as a sum of three squares; for, assuming that this is 
s0 for 1, 2,3...n—1, we may infer from the formula X. that it is so for n. 
Thus the celebrated theorem of Gauss*, which connects the number of re- 
presentations of a number n as 8 sum of three squares, with the number of 
classes of quadratic forms of det. —n, is contained in the formula X.; and 
conversely, that formula is itself deducible from the theorem of Gauss com- 
bined with the other and more elementary theorem, which connects the 
number of representations of n as a sum of four squares with the sum of the 
uneven divisors of x. 

131. Demonstration of the Formule of M. Kronecker.—We shall first de- 
monstrate the formula V. For this purpose, we consider the equation 
fA{x, 1—x)=0, obtained by writing x for «?, and 1—«# for A?7in the modular 
equation /,(x*,A”)=0 of an uneven order n (art. 125). We shall determine 
the order of this equation by two different methods; first, by ascertaining the 
dimensions of f,(7, 1—2), when 2 is increased without limit; secondly, by 
assigning its roots, and the multiplicity of each of them; a comparison of 
these two determinations will give the formula Y. 

(i.) Let e=9°(6); then 


fe1—2)=n[ vO-9(2E*)], 
because (art, 126) y 
hi (9°(0),02) == 0 [> on (= =) +, 
Y 
* Disq. Arith. art. 291. Legendre had discovered particular cases of the theorem by 


induction. Hist. de l’Ac, i i » Vol. i. 
troisigmne parti © de Paris, 1785, p. 530 sgg. Théorie des Nombres, ed. 3, vol. i 


t Bince ¢°(w-+2)=99(w) (equation i. Table A), the systems of yalues represented by 
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the sign of multiplication II extending to every system of values of y, y’, and k. 
Let §=1 +, s representing a real positive quantity ; we obtain 
. v: . 
‘(143)=-42; v(e=a2, 
(1+ =e V4; ee) 
(Table A, vi. art. 125). Again, if 2 is the greatest common divisor of y+ 2k 
and y’, and if a, 6, 3’ are determined by the equations 


2k , 
. a=—24 — =F, v=, | 
while ¢ and d are two numbers, of which d is uneven, satisfying the equa- 
tion ad—bc=1, we find 


| 142) +2 
q~_*. . 
. c+ y’ tay 
o(1+=) 42k é 
Ce 
a+b~—f_ 
Y 


whence (Table A, iii.) 


t 

(ite) +2 =ps(ete =92 (St), 
y é! - é 

if 214+1==dy, mod %. If we give to y, 7’, and & in succession all the 6(n) 


z 
systems of values of which they are susceptible, 9° ( (i+ ) + 2k Will ac- 


’ quire in succession @(n) values, which (except for particular values of o) 
are all different ; o-° ert) will therefore also acquire the same 


number of different values; +. ¢. 8 will represent in succession every divisor 
of n, and 214-1 every residue of its conjugate divisor 6’. We thus obtain 
the equation 


. sot+ 2141 
SA2, 1—x#)=0 g-(ri)—9* ett’) |, 
the sign of multiplication extending to every combination of the values of 3, &, 


ot) . 
and 2/-+-1. Now let ¢ increase without limit, so that x= A m 


without limit, and is of the same dimensionsase®™ (art. 125). Observing thatthe 


: é 
factor p-*(ci)—o-* C= i+ =) has a finite ratio to e™, if 1Z 5 and to 
con: toi + 2141 
e* > if1<t, we see that the product 0 [exe—p>(4*)| has a 
WU ori)] 806m) +8#(H) 

finite ratio to «(*(*)+#()ler, that is to nor . Hence 

9" (wt) and gore tier) are identical, & denoting any term of a complete system 
of residues, mod y’. 7 
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Fle, 1—x) PO 4+ ¥O@) 
is finite, when x increases without limit, or f,(a@,1—z) is of the order 
O(n) +-¥(n). 
(ii.) Neither 0 nor 1 is a root of the equation f,(z,1—z)=0; for f,(0,1)=1, 
f,(1,0)=1; therefore (art. 125) any one of its roots can be represented by ¢*(w), 
w denoting an imaginary quantity, in which the coefficient of i is different from 


zero and positive. But if z=¢°(w), f(z, 1—x) =| Y’(w)—¢° yt 2k ; 


hence the supposition that f, w) is a root of the equation f,(2, 1—#)=0 im- 
plies that °(w)=¢" a for one system (at least) of values of y, 7’, 


and A; i, ¢. (art. 125) that there exists an unit matrix | od satisfying 
? 


the equation : 
yot2k _c+dw 
7} qibe (A) 
and the congruence oo =| . ; ,mod2, . . ... « (AY) 


Thus, if ¢°(w) is a root of f,(7, 1—z)=0, w is the root of a quadratic equa- 
tion 
Qak—cy' + 2(bk—4dy'+ hay)w+byu*?=0, 

whose extreme coefficients are both uneven, and whose determinant, if 
a=—bk+4(ay+dy’), is o*—n, a number necessarily negative, because w is 
imaginary. Conversely, if w is the root of a quadratic equation, of which 
the extreme coefficients are both uneven, and of which the determinant is 
negative and included in the formula o?—n, ¢°(w) is a root of f,(z, 1—x)=0. 
Or, more precisely, if w is the root of a properly primitive quadratic equation, 
of which the determinant — A is negative and the extreme coefficients are both 
uneven, and if n can be represented by the form (1, 0, A) with a positive - 
and uneven value of the second indeterminate, ¢g°(w) will be a root of 
f{2,1—2)=0, and the multiplicity of this root will be equal to the number 
of such representations of n*. To establish this, we shall show (a) that w 
annuls as many of the factors ¥°(w)—¢"° (~3=) as there are representa- 
tions of n; (8) that f,(x,1—.) is divisible by r—9°(w) as often as there 
are factors annulled byw. (a) Let A+2Bw+Cw?=0 be the equation satisfied 
by w, and let n=o7+ Ar’; A, C, and r being positive and uneven ; the four 
equations 


; 2Qak—cy'=rA, | bk — 4dy' +Lay=rB, (B) 
by =r0, wei haytdysme Jo 
will supply one and only one system of values for y, y’, and k, and one and only 
one unit-matrix | a? | satisfying the equation (A) and congruence (A’). For 
the equations ay=rB+<¢, by=r(, show that y is the greatest common divizor 
of rB+¢ and rC; this common divisor is a divisor of n, because 
nazo?-+ Ar’e=(o¢—Br)(o-+Br)+ACr’ ; 


thus a, b, y, and y'=~ are determined. Again, the congruences 
Y 
* The method by which the multiplicity of the roote of the equation f,(#, 1—#)=0 is 


here determined is chiefly taken from M. Joubert's Memoir, “ Sur la Théorie des Fonctions 
Elliptiques,” &c., pp. 22-24, 
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Qak =rA ' 
Qbke = rB—o [mod ” 
determine the value of &, because 2a and 2b have no common divisor with the 
modulus, while the determinant 
2(—raB+rbA + ou) =~ [o?—1°B? + AC] =? Ma 2y’ 
Y Y 


is divisible by it; when & is determined, the equations 
Cy'==2ak--rA, dy' =2bk — (rB—co), 


be 


o, d thus obtained is an 


will supply integral values of c andd; the matrix 


unit matrix, because 
ad —be= = (ay x dy'—byx cy’) [(o+7rB)(o—rB)+r°AC]=1; 


it also satisfics the congruence | at =| . i F mod 2, because, from the equa- 
b 5 


tions (B), taken as congruences for the modulus 2, we find 6 =e == 1, mod 2, 

a = d,mod 2; but also ad =0, mod 2, so that a == d= 0, mod 2; lastly, the 

equation yot 2k afte is satisfied by virtue of the first three of the equa- 
ry] 

tions (B). Thus to each representation of n there corresponds one, and only 


one evanescent factor; conversely to each evanescent factor there corresponds 
one, and only one representation of n. For, if w annuls the factor W)°(w)— 


ke . . . 
? (“2 ), the equation (A) and congruence (A’) are satisfied by an unit 
matrix | ae , in which 6>0, but, even if A= —1, by only one such matnx : 
so that the equations (B) determine the values of # and r without ambiguity. 
The number of factors annulled by w is therefore equal to the number of 
representations of n. (3) Writing 9°(0) for v, we have 


ie, 1-2) =n[ VO—9'(7PE*)] =an, 'O-#e)], 


where A is the coefficient of the highest power of x in f,(v, 1—2), and II, 
extends to every root g°(w) of f(r, 1—2)=0, each root having its proper 


e id e 2k e 
multiplicity. M. Joubert has proved that, if y°(@)—¢* CS ) vanish when 
_ vo-y (“a= a 
O@=w, lim =i. is neither infinite nor zero. For this limit 
9°(0)—9"(w) 


is, by the usual rule, 
ad 8 y8+2k 
dg @ 7 


1 


y “wa? 
nA? 


9°) 


=x 1 — 


—]— 


é=w 


ya—2k 


where M is the multiplier appertaining to the transformation «= 


since (equation 31, art. 125), 
: vert 2h) (ot) 
Mx 1 d ( ' y 7 A 
n 9 (w)$"(w) 
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do. do, 7 
. ap? () -1{ae'? (8) | 
Tye | =n 1 (aa 
a5°% ( yY ) = aa’? (“=) d=w 
The determination of M is effected as follows: from the equation 
you + 2k __¢ +dw 
yY abe 
or 
o= y'c—2ka+ (y'd—2kb)w 
yat ybw , 


it appears (art. 126) that the multiplier corresponding to the compounded 


transformations | _ 3h ’ and | “) | , applied to w, is [o+ir YA]; while 
b—1 


that corresponding to the second of these transformations is simply (—1) 2 ¢ 

(Table A, ii.) ; therefore gue otin Ay, and the limit above written 

becomes —1-++ tire, which is certainly neither infinite nor zero. Hence 
a—tr 

f(x, 1—2) is divisible by e—¢°(w) precisely as often as there are factors 


¥’ (8)—¢9" yO+ 2h ) which vanish when 0=w; i.¢. the multiplicity of the 


root r=xg"(w) in f, (7, 1—«)=0 is precisely equal to the number of solutions 
of the equation n=o?+ Ar‘, r being positive and uneven. It remains to 
assign all the values of w, which, annulling one or more of the factors 
(0) —¢" (eo), give different valucs to g°(w). It is evident that values 
of w, arising from equations associated to properly primitive forms of different 
determinants, or of the same determinant and different classes, give different 
values to ¢°(w); again, of the six subclasses, contained in any one class, the 
extreme coefficients are uneven in only two; so that from each class we obtain 
two and only two values of ¢°(w). In the particular case in which the deter- 
minant is —1, there are but three subclasges, and but one subclass in which 
the extreme coefficients are uneven; so that to such a class there corresponds 
but one value of ¢°(w). Denoting then by A(A) the number of properly pri- 
mitive classes of determinant —A (we count 4 instead of | for a class of de- 
terminant—1), and by (n, A) the number of solutions of the equation 
x=97-+ Ar’, in which r is positive and uneven, we have, for the number of 
unequal roots of f,(r, 1—1z)=0, the expression 
2zh(A), , . 
and for the whole number of its roots, when each root is reckoned with its 
proper multiplicity, 
22(n, A)A(M), 


the summations in each case extending to every value of A, for which the 
equation n= 97+ Ar’ is resoluble with an uneven value of r. 
We have now obtained the equation * 


22(n, A)h(A)= O(n) + ¥(n), 


* M. Kronecker (Crelle, vol. Ivii. p. 250) has exhibitéd each of the equations I.-VIII. 
ma similar form. 
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of which the left-hand member may be written in another form. Instead of 
counting the roots which appertain to the same value of A, and then summing 
with respect to A, we may count the roots which appertain to the same value 
of o, and then sum with respect to c. If F(N) is the number of uneven 
classes (primitive or derived) of determinant —N (we again count 4 for a 
class of det. —1, or for o class derived from such a class), 2F(n—e*) will be 
the number of roots appertaining to either of the values +c or —s. We 
thus obtain, finally, | 


2F(n) + 4F(n—1*) 4+ 4F(n— 2") 5 4F(n—3*)+ ... =O(n)+¥(n), 


which is the formula Y. 
132. We shall also demonstrate (but with less detail) the formula VII. 


Writing x for u, and I for v, in the function f (n, u, v), where n ==—1, mod 8, 


wv 
and multiplying by 2**), we obtain an integral function of order 24(n), 
which we shall designate by f(v). This function is not divisible by 2, for 
f(0)=1; but we shall now show that it is divisible by 


(2? —1 )HO(m)— #09) + @'(n)—¥(n)], 
and that the quotient is prime to 2*—1. For this purpose we shall first 
determine the index A, for which im | ( Z 2. x = 1} is finite and different 


from zero. Let ==¢(z) so that 


n fi\.[* “+16 
r=o|1-@e@)e(*) 
fe) )¢(5)¢\— 
and let the positive quantity ¢ increase without limit; then, ultimately, 


¢ (=)=uie=1-5 g°(ic), and l-r=5 ¢°(c). 


Also, if 3 is the greatest common divisor of 16k and y’, and if a, 6, 3 are 
determined by the equations 


a=—-", bal, =e, 
while ¢ and d are two numbers (of which d is divisible by 2) satisfying the 
equation ad—be=1, we find 


: y-+16k 


y+ 16k 


whence solving for yo and applying the formula ii. of Table A, 
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(5) Cs) OHH") 


if 22 = dy, mod oO. But = = =), because ar mod 8, and 


() = (is) =F) = (mem 7 ms 
(2) (aE a) L-ae (FY) 


ultimately; and 


kn A) . P-G)+4G) (rere (AS*))] 
a ae. 


the sign of multiplication extending to every divisor 3 of n, and to every term 
l of a complete system of residues of its conjugate divisor 3’. Observing that 


every factor of the numerator, in which (5) == —1, is finite, and that every 


factor, in which (3) = +1, is evanescent, and is of the same dimensions as 


co 

e~* or e &”, according as > 3’, or <6’, we see that, in order to obtain a finite 

value for lim A oy we must take for \ twice the sum of those divisors of n 
o— 


which satisfy simultaneously the equation (5) = +1, and the inequality 
3< Vn, so that we shall have 
A==4[O(n)—¥(n)+0'(n)—¥(n)]. 

Farther, if » is any eighth root of unity, it will be found that, wher 

n= —1, mod 8, f (=, vn )==f(u, v), whence K=) e=f(z), or f(#) contains 
q 
only powers of: x having exponents divisible by 8. Consequently f(#) is 
divisible by 
(ac? —1 H9)—- 9) + 9'@— Ww) 

and the quotient is prime'to 2*—1. 

Representing, as we may now do, any root of the equation Cs 


by g(w), we find that w must satisfy the equation _ 


Jom (2) 9 (228) 
a) 
for one system at least of values of y, y’, and &; that is (Table A, iu. art. 
125), w satisfies a quadratic equation of the form. 
C+dy yo+ 16k 
atbw y 


16ak — y'¢+(ay' —dy' +16kb)w+byw*=0, 


fi#) 0 
—1) 


or 


2382 
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1, </2\ 2 
where | at = | 01 . mod2; c==0, mod 8; (-1)°G)=(-) The 
determinant of this equation, if o=1(ay+dy') —8k6b, is o?—n. For brevity, 


let us suppose that n == —1, mod 16; we shall now prove that in this case 
@= 0, mod 8. Since ad=1, mod 8, it follows that a==d, mod 8; let 
a=8a+y, d=85+ ,; substituting these values in the equation ad—be=1, 
considered as a congruence for the modulus 16, we infer that 8(¢+58) = 
e+p’—1,mod16. Again, since yy'==—1, mod 8, let y==80+ », y'=86'—r; 
substituting these values in the congruence yy'=—1, mod 16, we find 
8(0+6') =v—-1, mod 16. But 2¢=ay+dy' = 8[a+8+0+4+6'] = 
eMail € ON 7/9 
c-+pi—1+»°—1=0, mod 16, because (—1)* * =(-'(G)(-) 
==1, Therefore ¢ is divisible by 8, and the quantity w is the root of an 
equation A+ 2Bu-+-Cw*=0, in which A is even, C uneven, and of which 
the determinant is included in the series of negative numbers, —n, —n-+ 8’, 
—n+16?,..... An application (which we need not here repeat) of the 
method already employed to prove the formula V. will show that every qua- 
dratic equation satisfying these conditions supplies a value of ¢(w). Sixteen 
different values of ¢(w) will be obtained from the quadratic equations associated 
to the forms of any uneven class of a determinant included in the above series ; 
because the conditions with respect to the extreme coefficients are satisfied in 
only two of the six subclasses contained in each class, and because each of 
these two subclasses supplies (art. 126) eight values of ¢(w). Lastly, the multi- 


plicity of the root ¢(w) of the equation Jo, =( is ascertained, by an ap- 


plication of the method of M. Joubert (which also we need not here repeat), 
to be equal to the number of factors 1 —(=)oe) wt) which are 
Y 


annulled by w; or, which comes to the same thing, to the number of repre- 
sentations of n by the form ¢*+ Ar’, the first indeterminate being divisible by 
8, the second being uneven and positive, and —A representing the determi- 
nant of the primitive equation by which w is determined. Denoting by (n, A) 
the number of such representations, we have for the whole number of roots 
of the equation Zo =0, each root being taken with its proper multipli- 


ze 


ty, the expression 162(n, A)k(A); whence, by a transformation already em- 
ployed, 
16F(n) +32F (n—8") +32F (n—16")+... } tee A) 
= 26(n) —4[ b(n) —¥(n)+0'(n) — ¥'(n)}- 
Considering, instead of the function f(x), the function 7%)f (=, -3) , we 
obtain, by reasoning precisely similar, the formula 
32F(n— 4?) + 32F(n— 12?) +32F(n—20°)+... } . eee GB) 
| = 20(n) _ 4{ b(n) —V¥(n) + Y'(n)—O'(n)]; 
whence, by subtraction, 
2F(n)—4F(n— 4?) +4F(n—8*)—4F(n—12’)+... 
=¥'(n)—'(n), 
in accordance with M. Kronecker’s formula VII. 
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If we had supposed n=7, mod 16, the left-hand members of the formule 
(A) and (B) would have been interchanged, und the right-hand member of 
the formula resulting from them by subtraction would consequently become 
o'(n)—W'(n). 

193. ws atl only indicate the origin of the remaining formule. Of these, 
the formula I. requires the simultaneous consideration of the modular equations 
fi2*, uw, v*)=0, and f,(n, 1—u’, v*) =0 (art. 125). Writing x for v*, and 
eliminating «* dialytically from these two equations, we obtain a resultant 
R(x) of the order 2**-'6(n) in-, as appears from the theory of elimination. 
Writing ¢°(w) for v, and observing that the coefficient of the highest power 
of « in f(u’, v°) is vt", and in f,(1—u’, v*) is unity, we find 


» 8 ow sfyot2k 
wormivtortn[e (c24-)-v (eS) 
an equation which expresses the resultant in terms of the roots of the two 
equations, and in which the sign of multiplication M extends to every combi- 
nation of two roots. Since all the roots of f£(1—u°, 1)=0 are zero, while 
none of the roots of f(u’, 1) are zero, no root of the equation R(v)=0 is a 
positive unit. But the equations /,(1—u’, 0)=0, f(u?, 0)=0 have common 
roots ; so that v=0 is a root of R(x)=0. To determine its multiplicity, write 
ot for w in the expression of R(x), and increase « without limit. The quan- 


tity ¢° ( 3x) which occurs in (n) of the factors of R(«) is equal to 
& 


¢-*(2"oz), and therefore increases without limit; but since lim [g*(ci)]}” x 
g-%(2"ci)]=1, these (mn) factors are cancelled by the initial factor 
[e'(oi)}*'*™), Evaluating the remaining factors by the method of art. 131, 


we find that lim R(x) 


te (a3) — 28 (2 An) 
limit ; so that the order of R(x), after division by the highest power of # 
contained in it, is 2**1@(n)—26(2"-*n)+2W(2"-*n), or, since 
(2*~'—1)@(n)=6(2"—3n), 40(n)4+20(2"-?n) +20 (2 ?n). 
The formule II. and III. are obtained by successively combining with 
the equation /,(n, u‘, v‘)=0 (art. 125), the equations 
v'u'+o'+us‘—1=0, and v'u'—o'+u'+1=<0, 


the first of which is equivalent to the system v‘=9‘(w), u=y'(S): the 


is finite when « diminishes without 


second to the system v'=¢'(w), u*=—y! (5): The resultant of the climi- 


nation of t* is, in each case, an equation of the order 26(n) in w=v‘, and is 
not divisible by 7, x—1, or x+1. 

The following Table indicates the highest powers of 2 and of the divisors 
of x*—1 by which the functions specified in it are divisible. 
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Tasxe B. 


Order. Extraneous factor. Order after division. 


NY | aS | A ee | area 


O(n) + ¥(m)| (2? —2)P™—-*) | 8H (n)— os) 


F,(@, 1—x) O(n)+¥(n)) --  -. «| O(n) +(n) 


a 


sorted) | ae [ero | ewes 


(1—a)%f, (« is) 


2(2) oe ee we 2o(n) 


(2 —1)%*) t(« 51) 26(n) a)-*) | O(n) + ¥(n) 


_ mop ( 2, =) 26(n) te eee 26() 


of, (« * 26(n) | (a®—1)*)-*| 24(n) 


aa) A(2 = 20(n) oe ae | 2(n) 
a(n) f (« 5) 26(n) | (x —1)9)-#) | 44(n) —20(n) 
wnf,(x, —- 20(n) 20(n), 


(x? —1)*)—#) | 24(n) 


(a? + 1)*)—-#(") | 29(n) 


(x? —] )ilem)— FC) +0'(n)—f(a)) 


(PP —1)HA@)-#@)-#' +O) 


| RE 
(ee 


I(x, —#) b(n) + ¥(n)| ac) —F6m) (a7? — 1) HH) — 80) + Cn) — 00 
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The formule in this Table relating to f(x, w), fix, x), and fix, —«) 
require a certain modification, when n is a perfect square*. If, on this hypo- 
thesis, we represent by f,(2, v) the function obtained by writing z=v'=u' 


in fits 0), f(x, x) is of the onder (n)+¥(n)—1, and is divisible by 
(a7—2)e—¥9)—1, Again, if n=y" and 2 =1, we represent lim fm») 
y U—U 
[u=su==ar] by f(a, x); this function is of the order 6(n)+¥(n)—1, and is 
divisible by xM+*)—1 x (a? —1)Hem)-#(0)+0(@)-#(0)]-1, if (¢)= —1, we 
. y 


represent lim 1 —*) [u=v=2] by f(a, —), and this function is of the 
order $(n)+¥(n)—1, and is divisible by 
a(n) +¥(8)—=1 9 (27? — 1 Hen) —¥(n) + (0) —O(8)]—1, 
The formula IY. may be deduced from the equation 


f(a, 2) xf, 1—2) x mong (2, ) x (1—ax)e) t{« _ 5)" 


of which the order (after division by powers of # and z—1) is shown by the 
Table to be 26(n) + 6¥(n). 
In proving the formula V., we might have employed the equation 


2) f, (« =)=0 instead of f,(7, 1—x)=0. If, instead of the former equa~ 


tion, we employ the two wn) Ff, ( =)=0. x(n) f (+ —2)=0, we obtain 
x 


the formulx Y. and VI. simultaneously. 
F mein the formula VIII. depends on the equations f(x, x)=0, and 
(2, —ZL)=V. 

134. Connexion of the formule of M. Kronecker with Elliptic series.—Re- 
searches of M. Hermite——M. Kronecker has given a remarkable analytical 
expression of the formule IX. and X. (art. 130). He employs the identical 
equations 


fo 8) f° @) 
> 9 —] Mid ».¢ 3B wove a ae ~49 


ee) in+1 on grte} 
Z¥(4n+1 4 =gid _* _,, 


(14+29-429'429°4...)x 3. Ea) 
=2[E(n) +2E(n— 1°) 42E(n—2) 4... ]¢", 
(2qt 4+ 2¢8+4 29's +. : ) x ER 


= 2A ELF(n) + Fn 1.2)4-F(n—2.8)+...]¢ 


of which the first two aro immediately verified by expanding their right-hand 


* The necessity for a corresponding modification of the formule IV. and VII. is obvi- 
ated by the assumption G{0)= —+4. 


360 ; REPORT—1865. 


members, the last two by multiplying together the series in their left-hand 
members. Combining these identities with the formule IX. and X., and 
attending to the equation E(0) =, we obtain 


co + nt+n—] 
F = 7 __ e e e e e ® 
2 (n)q? 6, (0) 7 (ig) (A) 
oO 1 i+ 0) nm 

123E =_-_]14+8y3 7 |. , , 
mene Olmae teres adh © 


of which the second (art. 127, equation 3) may be written in the form 
123. E(n)q"=(1-+2q-+2q'+29'+.-.)5 . . 6. (BY 
0 


in which it cxpresses the arithmetical theorem of Gauss, to which we have 
already referred (art. 130). 

It appears from the equations (A) and (B) that the generating functions of 
F() and E(x) are elliptic series; and M. Hermite, in two important memoirs 
(Comptes Rendus, Aug. 5, 1861, or Liouville, New Series, vol. vii. p. 25, and 
Comptes Rendus, July 7, 1862) suggested, as it would seem, by these equations, 
has succeeded in deducing the second of them, and others of the same character, 
from the general expansions of elliptic functions, without having occasion to 
consider the special modules which admit of complex multiplication. He has 
thus discovered a new and comparatively elementary method of arriving at the 
formule of M. Kronecker ; to whom indeed this method was already known, as 
his expressions of the generating functions of E(n) and F(s) indicate, and as 
he has himself expressly stated in a note published after the appearance of 
M. Hermite’s first memoir (Monatsberichte, May 26, 1862, pp. 307, 308). M. 
Hermite’s method is an extension of that employed by Jacobi (see art. 127), 
and depends on the developments of doubly periodic functions in series pro- 
ceeding by sines or cosines of the multiples of the argument. To this set of 
developments, however, M. Hermite adds a second obtained by dividing the 
product of two Theta functions by a third. A series of the first set, and one 
of the second (both alike containing only sines, or only cosines, and only even, 
or only uneven multiples of the argument), are then multiplied together. The 
non-periodic part of the product (or its integral, taken from the limit 0 to x) 
is a function of q only, and if the product can be formed in more than one 
way, we obtain different expressions of this function, a comparison of which 
supplies in each case an arithmetical formula. We take the following example 
from M. Hermite’s first memoir; and, with him, we write for brevity, ©, 6,, 
H, H, for o(==), o(=— ,H(2K*), # (=), and 6, 8, n, for 0(0), 

is ® x rs 
6,(0), H,(0)*. 
Multiplying together the three pairs of series 


ng 8 ng” cos 2n2 
1—¢" 1 1—q™ 


2 re) 
nto = 82 
oe 61 


+o . 
0,= 2 g* cos2nzr, 


—-0O 


* The developments of elliptic functions, in series proceeding by sines or cosines of 

“he multiples of the argument, which are employed in this article, will be found in thc 

ly 7, 1803) ova (sections 40-42), or in M. Hermite’s second memoir (Comptes Rendus, 
J #, 1002). 


ON THE THEORY OF NUMBERS. 361 


00 ant) 
HO, _ gy n+l) 3 


7067 ray) 0 1 +t sin (2n+ 1)a, 
0 (ii) 
H=2d (—1)*gt+’sin(2n + 1)2, 
0 
oo att | \ 
nO g=42 —— -, Sin (2n-+ 1), 
(ili) 


He, __ ° (4D? tn /5 : 
A = 220,91 sin (2n+1)a 
0 
where Q,=1+297?+2q-*+...4+2y-"; y) 


2 
and designating the definite integral 7,6; (“He dx by xJ, we obtain 
0 


0) Py © nin 
- gd=8E—2 gy 7 
wy l= 1 1-¢ 


(Qn 4-1) qittetiiets) 


fo a) 
6J =45(—1)" 
0 


1+ 977 ? 
[oo] 
Homt1Xan+s) 
J= 42 q —e 
0 °. 1—q™t 


Let A(n) represent the sum of those divisors of n whose conjugates are 
uneven, and I',(n) the sum of those divisors of » which do not surpass Vn, 
and which are even or uneven, according as their conjugate divisors are un- 
even or even ; we find immediately 


io @) 
mo = S2{A(n) — T,(7) |q" ’ 
also 


wt 
4 


0 0) 
oJ = 22 (—1)"[b(4n+4+3)—(4n+3)]¢ ‘, 


© +20 
J=43, Yu Ly qtlent (20+ 404-3) Au?) 
0 —nO0 
dn-+3 


00. dnt 
=43 F'(4n+43)q ‘, 
0 


if F’(4n+3) represent the number of solutions of the equation n4+3=ac—}’, 
in which a and ¢ are positive and uneven, a is less than ¢, 6 is even, 
and less in absolute magnitude than a. But M. Hermite has shown that 
F(4n+3)=F(4n+3). For F’(4n+3) is evidently the number of quadratic 
forms (a, b, c) of determinant —(4n+3), in which the second coefficient is 
even, and less than either extreme coefficient, and in which also the first co- 
efficient is less than the third. But each uneven reduced form is equiva- 
lent to one, and only to one, of the forms (a, b,c). For the reducing trans- 
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formation of a form (a, 5, c) is necessarily one of the five following :— 


1,41) | +11 
vib la —1,0 


therefore, conversely, a reduced tor can be transformed into a form (a, 6, c) 
only by one or more of the transformations, 

1,0 1, #1 | 0, —1 
0, 1 0, 1 |’ 1, +1 
and upon trial it will be found that there is always one, and only one among 
them which applied to a reduced form, produces a form (a, b,c). The number 
of forms (a, 6, c) is therefore equal to the number of reduced forms of deter- 
minant —(4n £3) ; ; tie. F(4n+3)=F(4n+3). Eliminating J, we obtain 
the first and third formule of M. Hermite’s memoir, 


ne ZF(4n+8)y * = 23(4(n) —T,(n)]¢", 


00 Po) dnt 
ox (Ant Bq * =42(—1){O(4n+8)— Hn +3) * 


or, equating coefficients, 
F (4n—1°) + F(4n—3?),+ F(4n—5’) +... 
=A(n)—T,(), 
F(4n+3) —2F(4n+43— 2”) 4+ 2F(4n4+3—4")— 
=(—1)"$[0(4n+3) —¥(4n48)]. 
In his second memoir M.-Hermite occupies himself with the demonstration 
of the equation (B’). Multiplying together the two series, 


0H, 4q* sin 2nx 
== cot — —l)y : 
a gafoote— (I Ee 
0 eis tans + 25(— HQ sin Zn, 
and employing the formule 


{ sin 2nx cot 2 dx=-r, 
0 


{ sin 2nx tan xdx=(—1)"""s, 
he finds ° 
oH, 


1 ("og oH 4, 
er) gs ee 7 


1 eat 
; 1 14+(—1)"¢" 
an expression which, by a detailed discussion, is shown to be equivalent to 


er) 
128 E(n)q*. 
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In the note of May 26, 1862, to which we have already referred, M. Kro- 
necker has given other examples of the use of this method. Multiplying 
together the three pairs of series, : 


HW?” ng © ng” cos 2ng 
17 _=83 _ _4..— 83 
met OF ee ae” 


. » @) 
'° 6) 
H, cos s=gt+  [qk™-)?+ gt™+)") cos 2nz, 
1 | 
HH, 2 ng*sin Qnz ) 
wer . 
- @ , » e (i) 
H cos wad (—1){ gtr? —gt™-)" nin 2nsz, 
1 
§,— cos w= 2 phot en sin 2nz, 
hl 1S 1 1-—q@ 1 lg 
a iii 
m BE 243 Ryo" sin One, oy) 
1 


where R,=97 4+ q-t+qu + cee qin, 


and designating the definite integral 0,7? i} HL og x dz by xl, we find 
0 


-@? 
O roan 94 gh" 
Oladgtzn[ 7 "Het e" 1, 
‘qn Po 
fo 6] 
OI = 4gtd (—1)* ~~” ; 
i902 (—yng fo 
CO gn—l 2n+1 
Im4 9? 4 gg? 7). 
2K" [1 tea 


‘Let I'(m) represent the sum of those divisors of m which do not surpass 
Wn, and which are even, or uneven, according as their conjugate divisors are 
even or uneven; and let I“(n) represent the sum of the same divisors, each 
divisor being taken positively or negatively according as the sum of itself and 
its conjugate is unevenly or evenly even; if n is a perfect square, we are to 
replace yn by 44/n in the sums I(n) and I’(n); we then obtain the ex- 
pansions 


ie @) oO 
6,1 = 89s [A(n)—T'(n)]q*, a= 84's ren" 
1 . 
90 WR © 


I=4gtk, % 2, [qhtean—n0¢an—14 440) Cn 4 glam 1V Can t+ 42) CO] 
110 


fo) ao 
=4qte F (An)r= Bt F(n)q", 
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because the coefficient of q” in the expansion of 1q-tI is a sum containing 
two units for every solution of the equation 4n=ac—b’, in which, a, b, ¢ 
being positive and uneven, }<a<c, and one unit for every such solution in 
which either b=a<c, or b<a=c; and because (by reasoning similar to that 
already employed in this article) it is ascertained that this sum is equal to 
the number of reduced forms of determinant —4n, i. e. to F(4n). Eliminating 
I, we obtain, finally, 


ro a 
6, 2F(i)"= 2 [A(2)—T'(x) ]q*, O2F (n) = ar" (n)q", 


>< ae F(n) +2F(n—1?) + 2F(n—2")+...=A(n)—T(n), 


XI. .. F(n)—2F(n—1’)+ 2F(n—2’)—...=2"(n). 


These equations are equivalent to the formule L., II., III., V., VI. of M. 
Kronecker ; these five, therefore (and with them, according to M. Kronecker, 
the remaining three, IV., VII., VIII.), are deducible by analytical transfor- 
mations from the single equation 


O,ni "HH, 
Srqt 9 6? 


135. M. Kronecker asserts that the formule I.-VITI. are independent, «. ¢., 
that none of them can be deduced from the others by means of the elementary 
equations satisfied by the functions F and G; and that all the similar relations, 
which are supplied by the theory of complex multiplication, may be obtained, 
with the help of those elementary equations, by combining the eight formule. 
And it is certain that the system of the cight formule does, in this sense, ex- 
plicitly contain all the relations of similar form, which have been subsequéntly 
given by MM. Hermite and Joubert. Thus, many of these relations are par- 
ticular cases of the formule XI. and XIL., or of the combinations (XI.)+(XIT.) 
(in M. Joubert’s memoir, the formule 1, 2, 3, those of page 28, and the first 
of page 29; also the first two formule in M. Hermite’s memoir (Liouville, 
new series, vol. vii. p. 25) are of this kind); others, again, are immediately 
deducible from the two formule 

4F(n) + 8F(n—4’) + 8F(n—8") +...=0(n), n=3, mod 8, 

8F (n—2?) + 8F(n—6?)+ 8F(n—10’) +.. .=(n), n=7, mod 8, 
combined by addition or subtraction with V., VI., and VII. But each of 
these two formule results from the combination §(V.) + $(VI.) —2(IV.), sim- 
plified by means of the clementary equations satisfied by F and G. In this 
way the formule 4—9 of M. Joubert’s memoir, and the third formula in M. 
Hermite’s memoir (Liouville, ibid, p. 36), may be obtained. Lastly, the 
equation . 


00 
cos x dx=X F(n)q". 
1 


n—]? n—3? 
6G ( q ) +6G “) +.. .==4(3¥(n)—0(n)) 
2 == 1, mod4 
(M. Joubert, p. 30) arises from the combination (IV.)—8(V.). 

M. Joubert’s formule, however, as they are given in ‘this memoir, are not 
immediately comparable to those of M. Kronecker. He rejects from the 
modular equation of the uneven order 2, the factors due to the square divisors 
of n (sce art. 125 of this report), and, in consequence, those derived classes 
whose coefficients have any common divisor with » are excluded from his 
enumerations. At the same time, the numerical functions, depending on the 
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divisors of ”, which occur in the right-hand members of his formule, are ren- 
dered somewhat more complicated than those of M. Kronecker. It is always 
possible to pass from one of M. Joubert’s formule to the corresponding for- 
mula of M. Kronecker, by an elementary process, of which M. Joubert has 
himself given an example (at p. 25 of his memoir). 

One formula, however, has been obtained by M. Hermite from his investi- 
gation of the discriminant of the modular equation, which is entirely distinct 
in form, and as it would seem in substance, from those of M. Kronecker. 
Taking a modular equation of a prime order n, M. Hermite shows that its 
discriminant is of the form 


wth] —u)"* (5) 6°(u*), 


where 6(u) is a reciprocal polynomial, prime to u and to 1—u’, containing no 


equal factors, and of order 4(n’—1)—4 [n+ (=) - From the nature of a 


discriminant, if w renders two of the quantities =) ¢ et) equal to 


one another, ¢(w) is a root of the equation 0(u)=0, and conversely. It is 
thus possible, by a method of which we have already given examples, to assign 
a system of quadratic equations (or quadratic forms) having integral coeffi- 
cients, which shall correspond, one by one, to the roots of the equation 6(u)=0. 
Equating the number of these quadratic forms to the index of the polynomial 
@(u), M. Hermite obtains a formula which is essentially limited to the case 
when n is a prime, and which, translated into the notation of M. Kronecker, 
is as follows, 


24, F(A) +4 22,F(A) + 62,6(A) 
=}(n?—1)—3] n+ =) » 


the summations %,, 2,, B, extending respectively to all values of 3 which 
give positive values to the numbers 
A= (853—3n) (n—28), A=83(n—83), A=d(n—168). 

The difference between these series of determinants, and those which occur 
in M. Kronecker’s formuls, is very remarkable. 

136. Arithmetical Demonstrations of the Formule of M. Kronecker.—M. Kro- 
necker informs us that, when he had connected his formule, in the manner 
already described, with the expansions of certain elliptic functions, he directed 
his attention to the process (art. 127) by which Jacobi transformed the ana- 
lytical proof of the ‘theorem of four squares’ into an arithmetical one. 
Applying a similar transformation to the analytical proof of the equation of 

6.27 (" 1H, _ « 

Baqt ; 3a COs adem BB(n)f 
he succeeded, after many reductions, in obtaining a purely arithmetical proof 
of the formule I. II. and V. which are included in XI. This important 
investigation has not yet been published: instead, M. Kronecker has given & 
remarkable theorem which appears (as he observes) to contain the germ of 
another, and very different, arithmetical demonstration of his formule. He 
has enunciated the theorem for prime numbers only, remarking, however, 
that it admits of extension to composite numbers also. The result is simplest 
in the case of a prime number p of the form 4m+3. 


* Monatsberichte for 1862, p. 307. 
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“Let (a, 6, ¢) represent in succession every uneven reduced form of the de- 
terminants —p, —p+1’, —p+2’,....; only, if a=zc, let the reduced form 
satisfy the special condition (art. 92) 6<0, instead of b>0; the rvots of 
the congruences 

aw’ + 2bw-+c== 0, mod p, 
of which roots the number is ° 
F(p) +2F(p—1)+2F(p—2") + ..., 
are a complete system of residues for the modulus p.” 

As it appears from the formula V. that the number of these congruence- 
roots is equal to p, it is only necessary to prove that they are all different ; 
the demonstration of this very difficult point M. Kronecker has effected by 
showing that the contrary supposition is inconsistent with the inequalities 
satisfied by the coefficients of the reduced forms. A proof, independent of the 
formula V., that every residue of p is a root of one of the congruences, would 
of course supply a direct arithmetical proof of that formula, for the case in 
which n is a prime of the form 4m+3. 

Arithmetical demonstrations of the formule of M. Kronecker have also 
been obtained by M. Liouville. These demonstrations depend on the prin- 
ciples introduced by him into arithmetic in- the series of memoirs “ Sur quel- 
ques formules générales qui peuvent étre utiles dans la théorie des nombres”’*, 
and originally suggested (as he himself informs us) by Jacobi’s arithmetical 
proof of the theorem of four squares. M., Liouville has given, as an example 
of his method, a proof of the equation (XI.)}(XII.), or 

4F(n—1’) + 4F (n—3?) + 4F(n—5*) + .. =A(n)—I'(n)—T(n), 
for the two cases in which » is unevenly, and evenly, event. We shall con- 
fine our attention to the latter and somewhat simpler case. It requires two 
preliminary Lemmas, both included as very particular cases in M. Liouville’s 
general formulee. 

I. ‘Let m represent a given uneven number, a a given positive exponent 
other than zero, f(z) an even function, so that f(ix)=f(—.«); we have the 


equation . : 
Yf(d'—a")—f(d' +a") ]=2*-lyYdf f(0)—f(2"d ) J, 
the summations in the left and right-hand members extending respectively to 
all solutions of the equations 
20m ands’ +26", mda, 
the indeterminates d', d", 3', 8” in the first equation, and d, 3 in the second, 
being positive and uneven, and two solutions of either equation being re- 
garded as different, unless the indeterminates of the two solutions are the 
same and in the same order. 
To establish this equation, we consider the system 
a'3' +-"3" =2’m 
or ig 
o—s" =2y 
in which » and » are given positive integers. The solutions of this system 
are equal in number to the solutions of the system 
dS +d"5' = 2°m 
d'—d" =~ |. ee | 
+8" =2y 
* Liouville’s Journal, vols. iii.-viii. (New Series.) 
t Liouville, New Series, vol. vii. p. 44. 


a’) 
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For, eliminating 3' and d’, we find that (a) has as many solutions as 
2*-'m== yd + pd" has solutions in which d'<2,; and (a’) has as many solu- 
tions as the same equation has solutions in which 3" <2»: #.¢. (a) has as many 
solutions as (a’); inasmuch as to every solution of 2*~'m=ysd' +," in 
which d'<2y, but 5’>2y, there corresponds a solution, in which d'>2p, 
but 8’<2y, and vice versé; for example, if d’'<2y, but 3">2y, let 2k» be the 
multiple of 2 next inferior to 3", then 
2°m =y(d' + 2ky) + (3! —2kv) 
is a solution of the equation, in which @'+ 2ky>2y, but 6'—2kv<2y. 
Similarly it will be, seen that the solutions of the systems 


d'3' +3" =2%m 
d'+d" =2p | * (b) 
o—s' =—2y 
. 85 +a"5"=2em 
d'—d" =2y | (b') 
349” — 2, 


are equal in number. 
Also the number of solutions of either of the systems 


d's! 4-3" =2%m 

ad’ + dq” =r | 7 es © «© &» © 6 ® (c) 
8". =) 
d'3' 4.03" = 24m 

dad’ =) | . (’) 
+6" =2ed 


in each of which d, 3 are two given conjugate divisors of m, is 2°~'d. 

Let us now attribute to w, v, d, 3 in the systems (a), (8), (¢), (a'), (8), (¢’), 
all values, in succession, for which those systems are resoluble. We shall 
evidently obtain the sum Sf(d’ +d"), which occurs in the equation to be proved, 
by extending the.summation, first, to all solutions of the various systems 
(a), secondly, to all the solutions of the various systems (5), and lastly, to all 
solutions of the various systems (c). Similarly we shall obtain the sum 
ZAd'—d") by extending the summation to all solutions of the systems (a’), 
(8'), (c’). But the terms f(d'+4d") arising from any one of the systems (4) 
or (6), are cancelled in the difference 

Zf(d'—a")—xf(d' +d") | 
by the terms f(d'—d") arising from the corresponding system (a’) or (0'). 
That difference is, therefore, equal to the excess of Xf(d'—a@’), exten ed to all 
solutions of the systems (c’), above Zf(d' +d") extended to all solutions of the 
systems (c); so that, finally, 
U fd —d")—fd' +d"y]= 2 Bd f(0) —f(2"d)} 

II. Let m be an uneven number, and /(z) an uneven function ; we have 

the equation 


f(a’ +2m')=3r (5% ,; 


the summations in the left- and right-hand members extending respectively to 
all solutions of the equations 
ma 2m"?+d'3, 
2m sm? + dds 
the indeterminates qd’ 3' d, , m, being positive and uneven, but m’ being even 
or uneven, positive, negative, or zero. 
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If we write 2m'+d'=2, 6'—2m'=y, 2m'+d'—3' =z, so that conversely 
2m'=x—y—z, C=y+z, d=x—z, the equation m=slm® +03 mes 
2m=:x* + y?—z’, the indeterminates being subject to the conditions 

y+z>0, z<x. 

If in addition z+2<0, the conditions are satisfied by the two solutions 
[x, y, z], [—2, y, 2]; which give rise, in the sum 2f(d"+2m’), to two terms 
which cancel one another. We necd only therefore consider those solutions, 
which satisfy the inequalities, y+-z>0, «+4+z>0,z<z, or, which is the same 
thing, if [z] represent the absolute value of z, 

y+z>0, «>0, [z]<x 2. 2. 1 ww] (dd) 

Again, if we write 4(d,+3,)=2, m=y, 4(d,—3,)=z, the equation 
2m=mi+d,é, becomes 2m==.v? + ?—z*, the indcterminates being subject to 
the conditions 

y>0, w>0, [z]aur.. . 2 2 ww ew 

To establish the proposed equation it is now only necessary to show that 
the equation 2m=2* + y’—z’ admits of equal numbers of solutions satisfying 
the inequalities (d) and (d’). But this is evident ; for if [, y, z] satisfy one 
of the two sets of inequalities, but not both, [7, —y, —z] satisfies the other, 
but not both. 

By combining these two lemmas it may be proved that four times the number 
of solutions of the equation 


| 2°74 mam) + ddy+(detd;)03. + + « « - (A) 
(in which m is a given uneven number, and « a given exponent >0) is 
A(2**'m)—T(2*t 'm)—I"(2°*m), the indeterminates m,, d,, 3, 3s being all 
positive and uneven and d,—é, being evenly even. Representing by m’ any 
number whatever, and by d’, é’, ds positive uneven numbers, let us consider 


the two equations 
Orth —QWdyy=mitdys, 6... 6 6 ee © (C) 
- 2*m —d0,= Qm" + d'3,, e e e e e e e e (e’) 
and let f(x) be an even function, so that (x—d,)—f(x+d,) is an uneven 
one, and may be used instead of (x) in the second lemma. Applying that 


lemma to the two equations (e) and (e’), and afterwards summing for every 
value of d;, we find 


(32-2) ra) 
= 2 f(2m' + d'—d;,)—f(2m' +d’ +d,)], 
the summations extending to all solutions of (e) and (e') respectively. Ob- 
serving that if m'=0, f(2m' +.) is an even function of #, and that if m’ is 
hot =0, f(—2m'+.«)+/(2m'+2) is an even function of x, we transform 
the second member by the first lemma, and we obtain 


(Cea) -1($)) 


= 27! Sd f(2m’)—f(2%d + 2Qm’)], 
the second summation extending to every solution of the equation 
2°m — 2m"? = 27d6, 
d and 3 being positive and uneven, and 2” representing the highest power of 
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2 contained in 2% —2m”. Let f(v)=1, if «=0, but let f(v)=0 for every 
other value of x; the sum 


z tes ~d,) _f att, +d s)] 


will then represent the number of solutions of the equation (A); the sum 
2’—"Z¥df(2m') will become 2*~'Zd, the summation extending to all solutions 
of the equation m=dé ; and the sum 2’~’ 3df(2m' + 27d) will become 22’~'d, 
the summation extending to all solutions of the equation 
2° hin = 2Y~"d(2Y~"'d + 8). 

Of these sums 2°~'3d is evidently A(2*—'m)=}A(2*t'm); and 3Y~'d is the 
sum of those divisors of 2°~'m, which are less than / 2°-'m, and which are 
not of the same parity as their conjugates, a sum which is identical with 
}1(2**'m) + 4L°(2°*1m); a8 may be seen by considering separately the cases 
in which a=1, and a>1. - 

A second determination of the number of solutions of the equation (A) is 
obtained as follows. Write 26+1 for 4(d,+8,) and 4a for d,—é,; it 
becomes 


2°+ 1m —mi= (20 + 1)(204- 1+ 28,)— 4a’, 


which is of the same form as that considered by M. Hermite (see art. 134). 
If then we attribute to m, any particular value, the number of solutions of 


the equation (A) is F(2°*'m—m?); its whole number of solutions is therefore 
F(2** mm —1?) + F(2**)m —3?) + F(2** mm —5*)+..; 
equating this expression to that which we have already found, we obtain the 


formula (XI.)-+(XII.). , 
M. Liouville tells us that, until M. Hermite’s discussion of the equation 


4n +3=(20+1)(20+ 1+ 28,)—4a’, 
he had not observed that the number of solutions of the equation 
tn —mi=d,3,+(d,+8,)d5, d.==8,, mod 4, 


is equal to the number of classes of quadratic forms of det. m?—2°**'m; but 
that with this exception all the principles of the preceding demonstration were 
in his possession; so that he had already arrived at formule identical with 
those of M. Kronecker, but referring to the numbers of solutions of certain 
indeterminate equations instead of to the numbers of quadratic forms of certain 
determinants. We also learn from him that formule exist, analogous to 
thoee of M. Kronecker, in which the series of determinants are of the type 
23?—n, 3s?—n,... instead of s?—n. 

137. Equations satisfied by the Modules which admit of Complex Multiph- 
cation.—We have already observed (art. 126) that the 6G(A) values of ¢°(w), 
corresponding to the quadratic forms of det. A, are the roots of an equation 
of that order, having rational coefficients. Several important properties of 
this equation have bcen indicated by M. Kronecker; but, notwithstanding 
their intimate connexion with the theory of quadratic forms, we can only 
offer an imperfect account of them. - 

We resume the notation of art. 131; and we shall begin by showing that 
if n is an uneven number, greater than 3, the values of 9°(w), corresponding 
to the properly primitive classes of det.—n, satisfy one or other of three 
equations, each of the order 2h(n), and each having rational coefficients. We 
have assy seen in art. 131, that every value of ¢°(w), corresponding to a 

® Cc 
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form, of which the extreme coefficients are uneven, and of which the determi- 
nant is e?—, is a root of the equation f,(7, 1—«)=0, and that this equation 


has no other roots. Again, if x, (ae “) == (0 is the equation satisfied by the 


squares of the multipliers appertaining to the @() transformations of order n, 
the equation x,(n, )=0 will be satisfied by those roots of the equation 
f,(2, 1—x)=0 which correspond to quadratic forms of det.—n, but not by 
the other roota of that equation. For, if ¢°(w) is a root of /,(2, 1—2)=0, 
¢°(w) is transformed into y'(w) by one of the #(n) transformations of order 7 ; 
and if ¢°(w) corresponds to a quadratic form of det.—n, the multiplier apper- 


taining to this transformation is +J-5 wheress if ¢°(w) corresponds to a 
17 
quadratic form of det.— A=?” the multiplier is t(rVAt io] (see art. 


r? ; 
131). Forming then the greatest common divisor of the two functions 
f,{2, 1~x) and x,(n, x), we obtain an equation of which the roots are, exclu- 
‘sively, those values of ¢°(w) which correspond to quadratic forms of det.—n*. 
Let y(n, 2) represent this greatest common divisor, and denoting by 7; P2--- 
the different primes, of which the squares are divisors of », let us form the 
expression 


Wi(n, v) x Thy iy “) Kees 


n 
- Ia( Tp) x. +> 
If (A, B, C) symbolize a system of quadratic forms, having their extreme 
coefficients uneven, and representing the properly primitive classes of det.—n, 
the roots of the equation ¥,(n, 2)=0 are those values of ¢°(w) which corre- | 
spond to the systems of quadratic equations 


A+2Bw+Cw7=0, C—2Bw+Au*=0. 
Thus the order of the equation is 2h(n): if 2==9°(w) is a root, 1—2=9'(—5) 


is also a root: the first coefficient is a power of 2, and the last coefficient is 
unity, because ¥,(n, x) divides f(x, 1—x), of which the first and last coeffi- 
cients are respectively a power of 2 and unity. From the equation 
¥,(n, 2,)=0, we may deduce two others, ¥(n, x,)=0, ¥,(n, x;)=0, by the 
substitutions n= ty 8 i? these equations will have for their roots the 
Lea— 

4h(n) values of ¢°(w) corresponding to properly primitive forms of det.—n, 
not inckuded in the subclasses (A, B, C), (C, —B, A). The roots of the 
equation ¥,(n, «)=0 are the reciprocals of the roots of ¥,(”, a)=0: its first 
coefficient is therefore unity and its last a power of 2; the equation ¥,(”, 7)=0 
is a reciprocal equation, and its first and last coefficients are units. 

_ Each of the three functions ¥,(n, 2), VAn, x), ¥,(n, x), can be decomposed 
into two factors, of the order h(n), and containing n0 irrationality but 4/n. 


(2, L)= 


* It is here assumed that if £7 is not the multiplier appertaining to any of the trans- 
n 


formations of order ” by which x is changed into 1—2, it is also not the multipher apper- 
taining to any of the #(*) transformations of the order #. 

t The limit of f,(2, 1—2)+2%(")+#("), when x increases without limit, is 2t¥(*), or 
~~ 28¥(")+1, according. as ” is not, or is, a perfect. aquare. 


ON THE THEORY OF NUMBERS. 871 
—]) 
2 


If n=3, mod 4, tho value of (=) — (art. 125) corresponding to one of the 
two forms (A, B, C), (C, —B, A) is + /n, and that corresponding to the 


y! 
2 
other — fn; if n==1, mod 4, the values of one corresponding to those 
two forms are both /n or both — /n, according as the generic character of 
f-) 


f-} f-1 
the two forms is(—1) 7 =+1, or (—1) ? =~—1; in either case, therefore, 
the decomposition of ¥,(n, 2) into two factors, can be effected by comparing 
y-1. 


2 
it with the equations x Vn, ©)=0, x(— Vn, xv)=0, if x, (<p x”) =0 
is the equation satisfied by the multipliers appertaining to the transformations 
of order n. 
But M. Kronecker has shown that ¥,(n, x) admits of a more profound de- 
composition, when n is a composite number. In fact, if » is the number of 
the primes p, p, ps... dividing n, ¥,(n, a) can be resolved into 2” factors, 


each of the order — h(n), and containing no irrationalities but /7,, 7 ps 


VPs... Ifn==3, mod 4, the order of each factor is precisely equal to the 
number of classes in a properly primitive genus of det.—n; and the roots of 
each factor are the values of 9°(w) corresponding to forms of a determinate 
genus. IZfn==1, mod 4, instead of the equation ¥,(n, x)=0, we consider the 
equation, of which the roots are the A(n) quantities 2(1—-); this equation 
can, as before, be resolved into 2” generic factors, each corresponding to 8 
“determinate genus. In either case the factors only differ from one another 
in respect of the signs of the radicals /p,, pz, .-., and these signs are de- 
termined for each factor by the characters of the corresponding genus with 
respect to the primes p,, p,,... For an account of the method by which this 
resolution into generic factors is obtained, we must refer to the original note 
of M. Kronecker (Monatsberichte, June 26, 1862, p- 370). 

In one of Abel’s memoirs (CEuvres Completes, vol. i. p. 272) we find the 
theorem that the modules which admit of complex multiplication are capable 
of expression by radicals. At an earlier period Abel had doubted of the truth of 
this result, and he has given no indication of the method by which he obtained 
it. M.Kronecker’s researches on complex multiplication were originally sug- 
gested by Abel’s theorem ; and they have led him to a complete demonstration 
of it. Let n==3, mod 4, and let g°(w,), ¢°(wy), «.- be the roots of one of the 
generic equations into which ¥,(2, n)=0 is resolved, the imaginaries 
1, Ws, .,. being determined by the equations 

Ai + 2B,w, + Cwi= 0, A, +2B.w.+Co3=0, tee 
so that the forms (A,, B,, C,), (A,, By, C,) belong to the same genus. If the 
determinant —n is regular (art. 117), it can be proved by the theory of com- 
position, that it is possible so to select the representative forms (Aj, B,, C,), 
(A2, B,, C,) as to satisfy the equations w,=Ow,, ws=Ow, ..+, 8 denoting an 
. uneven number prime to n, or indeed a prime not dividing n. We may 
thus represent the roots of the generic equation by the expressions ¢°(w), 
@*(0w,), ¢°(Ga,)... But it can also be proved (by a comparison of 
the equations relating to the transformations of the orders n ong 6) that 
c 
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¢*(Ow,) = x[¢'(w:)], x representing a rational and integral function of which 
the coefficients contain no irrationalities but 1, f,, /p-,.... The generic 
equation is therefore Abelian, and of course resoluble by radicals. If the 
determinant is irregular, having only one index of irregularity, the general 
expression of the roots of the generic equation is ¢°(6f' 6{2w,), and, as before, 
it will be found that ¢°(6,w,)= i[¢"(o,)], ¢°(0, «1)= x1 ¢"(w,)], the functions 
X, and x, still containing no irrationalitics but:7, Vp,, Vp,, ..., and further 
satisfying the equation x,[ 7) ]=x.[x,(7)]. The generic equation is there- 
fore in this case also resoluble by radicals ; and the same conclusion is true 
whatever be the order of irregularity of the determinant —n. If n==1, 
mod 4, we should have to consider the generic equation of which the roots are 
of the form ¢°(w) x ¥(w), and the demonstration of its resolubility is to be 
obtained in a similar manner. . 

We have for brevity confined ourselves to the case of properly primitive 
forms of an even determinant; but the values of ¢°(w) corresponding to the 
improperly primitive classes of a determinant of the form —(4m-+3), or to 
the properly primitive classes of even determinants, are also the roots of arith- 
metical equations possessing analogous properties. A method for the forma- 
tion of these equations, different from that of M. Kronecker, and not requiring 
the use of the equation of the multiplier, has been given by M. Hermite 
(Théorie des Equations Modulaires, p. 44); but this method does not supply 
the ulterior decomposition of the equations into their generic factors. 

138, Application of the Theta Functions to the Pellian Equation.—One more 
application of the Theta functions to arithmetic (inferior in importance to 
none that have been mentioned) has also been discovered by M. Kronecker 
(Monatsberichte, Jan. 22, 1863, p. 44). Let a, 6, c, o, r represent real quan- 
tities, of which @ and c¢ are positive and a, b, c satisfy the inequality 
ac—b*=A>O0, and let the positive quantity p be diminished without limit, 
the limit of the sum . 

t= t° y= tm etrilor+ry) 
a= —0O y= —O ax? +2bary +cy"]'t? 
(in which, however, the valuc 0 is not to be attributed to x and y simulta- 
neously) has been found by M. Kronecker to be 
zon + *_ log E 60, ») xa'(0 ¥’)| 
a 38VO ~L4x* *” , 
Ta log [—0(r-+-ow, w) X 0(—r-+ ow’, w’)]; 


wen oti A eo ttVA 
a a 


ee yd. (ce, 
O(2, w)=* 6, (2Ka, 0), O(a, o) =O Ae #), 


.. @ 


where 


VA being positive, and the logarithms real. . 
Again, let a,c,—32 =A =ac— 8’, a,b,c, being real and a,c, positive ; and let 
é represent an evanescent quantity, we find 


. -,. 6 by 
1—e* #Vaty7=) 1-2" sVatee) 


[aa + 2bay toy} * [a + 2b,ey boyy? 
and hence, by the theorem of M, Kronecker, 
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lim [ 2 —___* sy in| 
[aa? + 2bxey + cy”) ¥¢ (a,x? + 2b,ry +e,y7}'Fe 


; b ; Oy 
lin E on © very. | - on aiajty Al 
7 [ax + 2hay + cy7]'*¢ 7 [aye? + 2b,cy + ¢,y?}'F8 
— 2 lo aN AGO, 0/00, wi) . . . . . . (ii) 
3 V/A a, AUN) (0, w)Q (0, @ ) 

This result M. Kronecker has applied, in the following manner, to the solution 
of the Pellian equation. 

Let P and Q be positive integers not divisible by any square, of which P 
is > 1, and let m and n represent positive integers prime to 2P and 2Q 
respectively, the limits of the sums . 


m= n=O 
z (=) 1 aa = (S55 
m1 \n/m'te n=1\ % J nits 
are known from the researches of Dirichlet (Crelle, vol. xix. p. 360 and 364 ; 
or art. 101 of this Report), and are respectively = ' 
WP) log(T-+U ¥P] 4 xh(—Q) 
, 2VP 27Q” 
A(P) and h(—Q) denoting the number of properly primitive classes of the 
determinants P and —Q, and T, U being the least positive numbers which 
satisty the equation T’—PU’?=1. Multiplying the two results together, and 
designating PQ by D, we find 


x _ 7P\/—-@\ 1 ” 
7p MP) M—Oplog T+ Uy P)=lim 3(=) (Fam (iii) 


If P and Q are relatively prime, and congruous to one another, mod 4, so that 
D is not divisible by any square, and is =1, mod 4, the series 


2\ 1 f 1 
1—( = )—_ | 3/4) s2_—____-__———. . . . (A 
al (Ra z) (aa? + Qhay + cy?) 78 m 
(in which R=P, or R=Q, according as P=Q=1, mod 4, or P=Q=3, 
mod 4; f or (a, b,c) denotes any one of a set of representative forms of 
det.—D ; (&) is the particular character of f with respect to R, and the first 


sign of summation extends to every form of the representative system) is 


identical with the series 
P\ /—Q 1 B 
=> (=) (> (mn)*@ e ® e t e e e ( ) 


To verify this we observe (1) that, because D=1, mod 4, the numbers of sets 
of representations (art. 87) of N and 2N by forms of det.—D are equal, N de- 
noting any number whatever; (2) that, because D is not divisible by any 
square, the number of sets of representations of N by the forms of det.—D is 


2(=-) N denoting any uneven number, and d any divisor of N which is 


prime to D; (3) that the generic character of a form f of det.—D may be 
ascertained from any number whatever N which is represented by f; in fact 
if p is a prime divisor of D, and if N=N'p*, N’ being prime to p, we havo 


()-G ; if N=N'pw+!, D=D'p, N’ and D' being prime to p, 
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(Z)=G) (=) From (1) and (3) we infer that the series (A) is equal 
P P 


to the series 1 


s(f\er tgs 
(x) (ax? + Qbary +cy*)'*§ ) 
(in which the summations %'S’ extend only to those values of x and y for 
which f acquires uneven values); from (2) and (3), considering separately 
the two cases in’'which R=P, and R=Q, we infer that the coefficient of 
1 
N!? +@ 
that the two series (A) and (B) are identical. 
_ Diminishing p without limit in the equation (A)=(B), and employing the 
equations (ii) and (ili), we find immediately — . 
: , 2 ava . 
A( —Q). log (T P)=2| 2—(—)| (= )log—___—_* ___.,, 
i(P).M—Q).log (T+ Uv P)=3[2—(5)] ¥() los srg Gi) 
a remarkable equation which connects the least solution of the Pellian equa- 
tion with the theory of the Theta functions. 
' If we suppose (as we may do) that the form (a, 6, c) is reduced, so that 


is the same in (B) and (C), N representing any uneven number ; 7. e. 


a<2 Js , We may approximate to the values of 6'(0, w) and 6‘(0, w’) by 


omitting in their developments all terms after the first, and writing 
eV? 
6'(0, w) X00, w')=4r7e ®t. 
Substituting in (iv), we obtain the approximative equation 


*A(P).2{ —Q). log (T+U / P)= [2-(§)] = (5) [+08 «| ~  (¥) 
The following examples of this formula are given by M. Kronccker. If 
Q=1, the exponential le’ VD is approximately equal to 24 5, 18+5713, 
882+ 145 737 when we attribute to D the values 5, 13, 37; again, 
ete” VV 44 17, Arett Y= 56044569 /97, if D=17, 97; lastly, if 
=85, and we give to Q in succession the values 1, 5, 17, we find 


3g — als 
eto" V%_373 4 414/85, =e" V5 Ag 17, oT 24 V5. 


& 


These approximate representations of quadratic surds by exponcntials are very 
remarkable; a similar observation had, however, already been made by M. 
Hermite*. If D=3, mod 8, the equation of which the roots are the values of 

"(w) corresponding to the improperly primitive classes of det.—D, resolves 
itself into factors of the form (a?—a+1)*+4a(2?—.«)’?=0 ; and, in particular, 


if (2 1, “5*) is the only such class, 2 is an integral number. Attributing © 


to w the value aw” , and substituting for x, or ¢*(w), its approximate 


value x= 24(¢ir» — 8etimw 4 44¢3imw) (equation (14) or (26), art, 124), we find 
a PAT earl | 
° “356 


Thus if D=43, M. Hermite has found that e™ ¥43=884736743.9997775 «. ; 
and that if D==163, the decimal part of e* ¥!63 commences with twelve nines. 


* Tnécrie des Equations Modulaires, p. 48. 


OY 
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M. Kronecker states that the formula (iv) implies the resolubility of ¥,(n, x) 
into ita generic factors, and that conversely the resolution of that equation 
into its factors implies the possibility of expressing certain solutions (though 
not necessarily the least solution) of the Pellian equation by means of the 
modules which admit of complex multiplication. For the case when D=5, 
mod 8, he has given the singularly elegant formula 


. all 

510 —— 
npg 

on oD 


the first sign of multiplication extending to all numbers less than D and prime 
to it which satisfy the equations (5)= 1, 3)= —1; the second to a 
certain sixth part of the modules which admit of complex multiplication with 
4 —D. The formula may also be written in the form 

(T—U VD PO) = 11. 4x7e 
(see Dirichlet, Crelle, vol. xxi. p. 151). 


Report on the best means of providing for a Uniformity of Weights 
and Measures, with reference to the Interests of Science. By a 
Committee, consisting of Lord Wrortssiey, D.C.L., F.R.S., The 
Rt. Hon. C. B. Apperiey, M.P., Sir WILLIAM ARMSTRONG, C.B., 
F.R.S., Tue Astronomer Royat, F.R.S., SAMUEL Brown, 
Ewart, M.P., T. GranaM, F.R.S., Sir Jon Hay, Bart., M.P., 
F.R.S., Prof. Hennessy, F.R.S., JaMEs Heyrwoop, M.A., F.R.S., 
Dr. Lez, F.R.S., Dr. Leone Levi, F.S.A., F.S.8., Prof. W. A. 
Miter, F.R.S., Prof. Ranginz, F.R.S., Rev. Dr. Rosinson, 
F.R.S., Colonel Syxes, M.P., F.R.S., W. Trt, M.P., F.R.S., Prof. 
A. W. Wituussoy, F.R.S., James Yatss, F.R.S., Sir RoBERT 
Kang, F.R.S., F. P. Fettows, C. W. Sizmens, F-R.S., ‘MatTHEw 
Arnotp, M.A., Right Hon. Earl Fortescue, and FREDERICK 
Pourpy, F.S.S. 


Ar the Mecting of the British Association, held in Newcastle in 1863, a 
Committee was appointed to report on the best means of providing for a 
uniformity of weights and measures, with reference to the interests of science, 
and a report embodying certain recommendations was presented by the Com- 
mittee to the British Association, at its last Meeting at Bath, which was 
received and adopted after considerable discussion in Section F, the Chemical 
and Mechanical Sections having also had the subject under consideration. 
The substance of these recommendations was the adoption of a decimal sys~ 
tem of weights and measures, and the choice of the metric system on account 
of its scientific capabilities; the use of such metric system, a5 far possible, 
in statistical documents and scientific communications ; the placing of metric 
standards in our public and frequented buildings ; the teaching of the system 
in schools; and the use of it at the Custom House and Post Office. On the 
recommendation of the Section the Committce was then reappointed, and 8 
grant was made to it of £20, 
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In furtherance of the object remitted to it, the Committee met and passed 
resolutions recommending the preparation of a small book for elementary 
instruction in the metric system, and the appointment of a Deputation to 
the President of the Board of Trade, for the purpose of representing to Her 
Majesty’s Government the advantages of reducing the Tariff in the terms of 
the metric system, allowing importers of goods from countries using that 
system to pay duties calculated by the same; and also a Deputation to the 
President of the Committee of Council on Education, recommending the 
teaching of the metric system in schools supported by the State. It has been 
suggested, however, that the Committee had no power to do more than to 
report again on the subject to the Association, since the report of its Com- 
mittee was only discussed and adopted in Section F, and not by the General 
Committee, and therefore it was deemed best to seck from the Association 
more definite power on the subject. ' 

The Committee has pleasure in reporting that the necessity of introduc- 
ing uniformity in weights and measures throughout the country is generally 
admitted, and that there is little or no difference of opinion as to the superior 
merits of the metric system, in the choico of which lies the only method 
for obtaining not only a thorough reform in our weights and measures, but 
also the great desideratum of international uniformity. By the Act of Par- 
lament passed in 1864, the use of the metric system in this country was 
legalized, and thenceforth a contract has become equally enforceable whether 
in the terms of the metric system or in the terms of the imperial standards. 
Since, however, the use of the samc is at present optional only, and not 
compulsory, much remains to be done, not only in recommending the prac- 
tical use of the metric system in the different branches of business and 
industry, but also in disseminating the necessary teaching of the same, espe- 
cially in schools and colleges, with a view to ita more general adoption. 

The Committee has learnt that the metric system is already in use in 
many great establishments. Those especially which supply machinery to the 
Continent of Europe are under the necessity of using the metric measurement 
in fulfilling their orders, and it docs not appear that the workmen in such 
establishments have any difficulty in understanding the system, and in using 
it with as much readiness as the imperial scale. Since the last Mecting of 
the British Association, the Institution of Mechanical Engineers, at their 
meeting in Birmingham, had a favourable opportunity for discussing the 
question, a paper having been prepared for them by Mr. John Fernie, a member, 
on the relative advantages of the inch and the metre as the unit of a decimal 
line or measure. On that occasion, Sir William Armstrong, Mr. C. W. Siemens, 
F.R.8., and Mr. Robinson of the Atlas Works, all practically acquainted 
with both systems, recorded their opinion decidedly in favour to the metre ; 
and though in accordance with the rules of that Institution no resolution 
was passed, there is reason to believe that a large number of members were 
of opinion that the metric system was in every way preferable. Another 
important testimony in favour of that system was also given by a Committee 
of the Liverpool Chamber of Commerce, especially appointed on the decima- 
lization of coins, weights, and measures. Thut Chamber, in common with 
many other Chambers of Commerce, petitioned Parliament in favour of the Bill 
since passed into law; and now, after mature inquiry, we find a Committee 
of that Chamber recommending the ultimate adoption, and at no distant 
period, of the metric system of weights and measures as the sole legal system 
tn this country, The teachers are also moving. At a meeting of Professors, 
Teachers, and others interested in education held in Birmingham, on Wed- 
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nesday, the 15th of March, 1865, Rev. Charles Evans, M.A., Head Master 
of King Edward’s Grammar School, in the chair, it was unanimously decided, 
«‘That, having regard to the merits of the metric system of measures and 
weights now legalized in this country by Act of Parliament, to the facility 
with which it may be learnt and afterwards retained in the memory, to the 
great saving of time which would thereby be gained in education, to the 
convenience it offers for the largest as well as the most minute calculation, 
and to the decided advantages of the decimal method in any arithmetical 
system, this meeting is of opinion that the metric system of measures and 
weights should be introduced as a branch of instruction in the schools’ of 
the United Kingdom.” At a meeting of British teachers connected with the 
British and Forcign School Society in the Borough Road, London, the same 
question was discussed, and there is no doubt that the teachers see the 
importance of giving instruction in a system which will speedily replace the 
present uncouth practice. What is now wanted for the purpose of educa- 
tion is a book sufficiently elementary yet complete in itself, likely to be used 
as a text book in all schools and colleges. Several books on arithmetic 
already give considerable prominence to the decimal and metric system. 
More especially we may mention the treatises on Arithmetic by the Rev. 
Barnard Smith, Mr. Dowling’s Comparative Tables, and also the useful Ready 
Reckoner published in this town by Mr. Rickard, the able teacher in King 
Edward’s School. In Continental schools M. Carpentier’s ‘“ Neécessaire 
Métrique,” which is a small cabinet containing samples of all the smaller 
weights and measures, the cubes, &c., is largely used, and there is no doubt 
that the children on the Continent obtain much more early in life an accu- 
rate knowledge of numbers, their properties, and their combinations, with 
the metric system than the English boys do with the imperial scale. 
Nowhere could we see more clearly the need of altering the present practico 
than in the practical routine work in railway management. With the enor- 
mous traffic of our railway companies, the inconvenience of the present sub- 
division of weights produces a decided appreciable loss to the income of the 
shareholders. For example, the London and North-Western Railway Com- 
pany, Whose annual income equals the entire revenue of the majority of Euro- 
pean states, carries to every station in the Empire some thousands of packages 
of all sizes, many exceedingly small, and nearly all having fractions of weights. 
At the head station in Camden Town nearly 1200 entries are made of such 
packages every day, which are sent to the station in the course of the day, and 
despatched on the same evening. Before they are sent, however, such pack- 
ages must nearly all be weighed or measured, and taxed at a great variety of 
rates. But great is the liability to error arising from our cumbrous system, when 
the calculations are to be performed in a hurried manner. It isin fact calcu- 
lated that, on an average, the clerks commit one error in every 500 items; and 
the consequence is that the London and North-Western Company are under 
the necessity of nearly doubling the number of clerks. For every 100 clerks 
employed in weighing, or measuring and taxing packages, nearly another 100 
are wanted to correct the errors committed. But with a decimal and metric 
system this liability to error is immensely reduced, and therefore a practical 
economic benefit would certainly arise from the adoption of that system in 
railway traffic. A Royal Commission has been recently appointed on railway 
management, and they are to inquire into the more economic arrangements 
for the working of railways, so as to make a considerable reduction in the cost 
of conveyance, This is a favourable opportunity for calling attention to the 
question, and the Committce is pleased to find that the Council of the Inter- 
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national Decimal Association has offered to give evidence before the Com- 
mission on the subject. 

As a practical mode for diffusing information on the metric system, it has 
been suggested to fix the metric standards in one or more frequented places 
in the leading commercial cities of the empire. The Act for rendering per- 
missive the use of the metric system did not provide for the introduction 
of standards, but only furnished a table of equivalents of the metric and 
imperial systems. It would, however, be highly desirable to farnish the 
people with the means of ascertaining the accuracy of the metric weights and 
measures used by comparison with certain authorized standards. The great 
want seems to be a Weights and Measures Department connected with 
Government, as was recommended by the Committee of the House of Com- 
mons, whose duty it should be to procure such standards, and to super- 
intend the necessary arrangements for the security of trade and the 
diffusion of sound information on the subject. Till recently the control 
of the imperial standards was in the hands of the Comptroller of the 
Exchequer, but since that office has been abolished and incorporated with 
the Audit Office, it has become almost imperative to establish such a 
department. It would be desirable that such a department should super- 
vise the examination and comparison of the weights and measures in use 
throughont the country, superintend the Inspectors now appointed by the 
municipal councils of each town, and more especially issue such tables, 
books, and specimens of the metric system as will diffuse information of the 
same throughout the country. This is the plan which has been adopted 
with great success wherever the metric system has been established. And 
we are glad to find that the Committee of the Liverpool Chamber of Com- 
merce has recommended the same course in the following resolution :—“ That 
a Department of Government of weights and measures should be established, © 
subordinate to the Government and responsible to Parliament, to whom 
should be entrusted the conservation and verification of the standards, the 
superintendence of inspectors, and the gencral duties incidental to such 
department. That these duties should especially include the use of all 
means for promoting the use and extending the knowledge of the metric 
system among the people.” 

The Committee has observed with much pleasure, that in several scien- 
tific communications in the Transactions of the Royal Society, and some 
official documents issued by the Government, metric weights and measures 
are given side by side with the imperial. In many cases, indeed, a decided 
preference seems to be given to the former, especially in papers on chemical 
science. It is greatly to be lamented that the Pharmaccutical Society did 
not adopt the metric system, the same not being then legal, when settling a 
new Pharmacopeia; the mixed system they have adopted was far from 
meeting general approbation, and they will be under the necessity of 
making a new chahge. - 

In foreign countries the principal movement in favour of the metric 
system isin Germany. For some time past the different German States have 
been labouring towards the attainment of greater national unity; and, 
after having come to an agreement about the coinage, they have given 
their attention to the state of weights and measures in use in the different 
States. In 1862 a conference was held at Frankfort for the purpose of 
concerting as to the choice of one common system, when official delegates 
were present from nearly all the principal states except Prussia, and after 
much discussion they recommended the adoption of the metric system. 
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Since then the International Statistical Congrees having been held at Berlin, 
their proceedings regarding international units, had due influence on the 
Prussian Government, and it is expected that the opposition of that Govern- 
ment may have thereby been overcome. Another meeting of the samo 
Congress of delegates from German States has just been held at Frankfort, 
with the presence of Prussian delegates, and we trust to hear speedily of 
the unanimous resolution in favour of the adoption of the metric system. 

Though the instructions of this Committee are confined to weights and 
measures, and do not include coins, the Committee are convinced that the 
advantage of the metric and decimal system will not be fully realized until 
the coins also and mode of accountancy are decimalized. 

In conclusion, the Committee would recommend the reappointment of this 
Committee with power to use such measures as it may deem expedient for 
promoting the extensive use of the metric system in scientific and official 
documents, in the Custom House and Post Office, as well as the teaching of 
the system in schools and colleges; with instructions also, as regards the 
coinage, to represent to Her Majesty’s Government the expediency of the 
early adoption of such a system of decimalization as will the more effec- 
tively facilitate the social and commercial transactions of the country, and at 
the same time advance the great purpose of international exchanges, and 
especially to urge upon Her Majesty’s Government the great benefit that 
would arise from the early assembling of an international monetary conven- 
tion, as recommended at the last meeting of the International Statistical 
Congress, held at Berlin. 


—_- -——— — —— 


On the Bed of the Ocean. By A. G. Finvuiay, F.R.G.S. 


THe progress which has been made of late years in deep-sea sounding, 
chiefly in connexion with the selection of a route for the Atlantic 
Telegraph Cable, and the curious results it has developed, led to the 
desire, at the Bath Meeting, that a wider and more systematic survey 
of the ocean bed should be carried on, and for this purpose the General 
Committee appointed Sir R. Murchison, Rear-Admiral Collinson, and 
Mr. A. G. Findlay, to endeavour to promote this object. 

, vP to the present time we know less of ocean physics than of almost 
any branch of science. The volume, depth, circulation, temperature, 
&c. of the waters of our globe are only vaguely to be surmised from 
isolated and imperfect experiments’; yet it has an influence on phy- 
sical geography second only to that of the atmosphere. : 

The fact of animal life existing at the greatest depths, and of exactly 
the same nature, under every variety of surface climate, has only lately 
been satisfactorily determined. 

The wide range of speculation which the late accessions to our know- 
ledge as to the perpetual interchange and circulation of the whole of the 
ocean water, from the surface to the bed, from the equator to the poles, 
by which it would seem that the universal identity of its nature and 
composition could be maintained, the wide area over which species of 
animal life are found, the formation and composition of the sedimentary 
and oolitic rocks now in progress, are of apparently the same character 
as our older geologic strata. 

The ‘state of our knowledge of the whole is detailed by Dr. Wallich 
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in his work on the Atlantic sea-bed, and he will lay before this Meet- 
ing a description of the mode of sounding. 

From the nature of the work to be done, it is manifest that individual 
efforts cannot be made available. The apparatus is both cumbersome 
and costly, and it requires a small steam-engine to use it. It must there- 
fore be left to Government. 

Perhaps the best form of apparatus, and the relation of the sounding 
lines to it, have not yet been determined; but it is believed that, when 
these preliminary matters are fully adjusted, the work could be carried 
out with celerity and certainty ; and if the services of some of the ves- 
sels of Her Majesty’s Navy could be impressed, we should soon have an 
accumulation of data whereon a satisfactory system of ocean physica might 
be raised. 

For the direct benefit of seamen also, we should have the means of 
proving, or, what is better, of disprovmg the existence of the great 
number of reported shoals and dangers which embarrass navigation. 

In furtherance of the views of the Committee of Recommendation, 
Admiral Collinson has conferred with several officers since the last 
Meeting. 

There may be some difficulties as to the mode of carrying out the 
plan desired by the Committee in its full extent; but the recent adop- 
tion of steam launches in the navy might give the necessary steam power, 
and some form of apparatus will have to be adapted to the special cases 
of those vessels not otherwise properly fitted. But the subject has made 
some progress. Commander C. Bullock, R.N., the Oriental Surveyor, 
son of Rear-Admiral Bullock, has been supplied with apparatus for H.M.S. 
‘Sphinx,’ under his command, and he will doubtless send home good 
accounts of it in his progress toward the Indian Archipelago, and in the 
seas north of Australia, to which his expedition is bound. 

The first instalment of the observations has not yet arrived, but is 
expected shortly. We therefore hope that by the next Meeting some 
considerable advances will have been made in this interesting subject, and 
which, as far as possible, will be laid before the Meeting. 


On the Composition of the Gases evolved by the Bath spring called 
King’s Bath. By Prof. A. W. Witttamson, University College, 
London. | 


Tr was at the suggestion of Dr. Daubeny, who examined the gases from the 
Bath water in 1832, and measured the quantity evolved per hour, that the 
Association did me the honour to request me to undertake an analysis of the 
gas, and to make arrangements for its carcful collection. I understood that 
one reason for desiring these experiments to be made, was the possibility that 
variations might have occurred in the rate of their evolution since the time 
of Dr. Daubeny’s analysis. . 

On inquiring of the authorities in Bath, I learned that there are in that 
city no less than four hot springs, each of which continually evolves gas 
simultaneously with hot water. These springs supply respectively the King’s 
Bath, the royal private bath in Hot Bath-street, the Cross Baths, and the 
Kingston Baths. 
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The arrangements for conducting the hot water from the three last-named 
of these springs to their respective baths are, however, so unfavourable to the 
accurate collection of the gas, that no means suggested themselves of attaining 
the desired object in any of those cases without incurring far greater expense 
than was authorized by the Association. Under these circumstances I have 
confined my attention for the time to the gases from the King’s Bath, and 
have had the less regret at doing so from the circumstance that Dr. Daubeny’s 
observations were, if I am mghtly informed, also limited to the gases from 
tho King’s Bath. ; | 

It will be seen from the accompanying section of the shaft supplying the 
water of the King’s Bath, that several pipes project into it with their open 
mouths downwards, and that some of the gas in rising up through the water 
is liable to enter these pipes. By far the greater part of the gas rises to a 
grating through which it issues to the floor of the bath together with hot 
water. The central grating is surrounded by several smaller openings, but all 
the gas escaping from these gratings could be collected by a funnel of 3 ft. 9 in. 
diameter. All other openings were closed at the times of collection, partly 
by stones and cement, partly by corks. Little more than 3 feet of water 
were in the bath at the time of collection. 

Well-stoppered Winchester quarts were employed for collecting the gas. 
Each stopper was coated with paraffine of such melting-point as to be semi- 
fluid at the temperature of the bath, and, carefully enveloped in paper, was 
attached to the neck of the bottle to which it belonged. Each bottle was 
numbered, and all were packed in a box with cellular divisions, well lined 
with a springy material. It was arranged thet each bottle should be par- 
tially filled with gas, about one quarter of its space remaining filled with hot 
water, and that it should then be closed while still under water by its greased 
stopper, and packed mouth downwards with water over the stopper. This 
arrangement appears to have been effectual. 

I have been indebted to Dr. Falconer, the Chairman of the Committee of 
Baths, for valuable information and assistance in the course of the necessary 
arrangements, Mr. John Cooke of the Mineral Water Hospital, Bath, was 
good enough to undertake the operation of collecting and sending off the gas, 
and he has been aided by Mr. Tyler of Bath in his labours. 

The specimens of gas were measured and analyzed by Mr. Bowrey in the 
laboratory of University College, with the aid of the apparatus described some 
time ago by Dr. Russell and myself. Each bottle of gas, when received, con- 
tained some water, and as it was required to measure the 
quantity of the gas, the following method was adopted: the _- 
stopper of the bottle being removed under mercury, was re- d 

rd 
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E 


placed by the cork A, fitted with two glass tubes, B B’, on to 
which were firmly wired the caoutchouc tubes CC’, in which 
fitted loosely the pieces of glass rod, DD’; before the cork 
was placed in the neck of the bottle, the caoutchouc tubes C C’ 
were closed by wiring the rods D D’, and the tubes B B' filled 
with mercury. 

The bottle was then placed in the retort stand as shown 
below, and the tube F connected with the caoutchouc tube 
Cat E. This tube, F, was then filled with water, care being 
taken to remove all air from the bend. The wire was then 
untwisted at D’; so as to establish free communication of the water in W and 
in F, Water was poured into F, or removed from it as needful, till the level 
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of the water at H and I was about the same. The 
whole affair was then left for an hour or two, so that 
it might become of the same temperature as the air of 
the room. When the temperature had become the 
same as that of the room, the water in the tube was 
levelled with that in the bottle (exactness being 
obtained by the use of a telescope moving in a hori- 
zontal plane). The bottle was then marked in three 
places at the level of the water, and when the gas 
had been used, its amount was found by filling the 
bottle to these marks (placing it so that the water 
poured in was level with all three marks at the same 
time), and measuring the quantity of water. 

To transfer the gas to the eudiometer for analysis, 
the tube F was removed after the wire round the 
rod D’ had been tightened, and the bottle paced ———————==— 
upright; the portions EE’ of the caoutchouc tubes CC’ were filled with 
mercury, and the tube K of the tube and fun- 
nel K L connected at E'; mercury was then 
poured into L, the tap N being open, when a 
few taps caused the air in the tube to be 
displaced by mercury, and on the wire at D' 
being loosened, mercury flowed into the bottle; 
some little quantity was allowed to enter, and 
then the wire at D' was tightened, and the 
tube K and funnel removed. To the caout- 
chouc tube C at E, a capillary tube P was 
fitted, this tube being full of mercury, which 
was kept in by a caoutchouc cap at 8, and as 
the gas was under pressure, on loosening the 
wire at D it issued from the tube P. 

As soon as enough had come out, the wire 
was tightened, and the bottle placed with its 
mouth downwards so as to form a water joint. 

In éach case of explosion with oxyhydrogen 
gas, from 30 to 40 measures of the detonating 
gas were added to 100 measures of the gas, or 
mixture of air and gas. ; 

As each bottle was opened, from 200 to 300 cub. centims. of water entered. 


Bottle No. 2. 


Fixed at 12 o’clock. 


Marked at 2 p.a.; Therm. 64°-4 F. ; Barom. 30-04 inches. Contents up to 
marks 1840 cub. centims. = 1733 cub. centims. at 0° Cent. and 760 millims. 
577-7 in 45 seconds 


= 2310-7 cub. centims. per minute. 


After 15 minutes’ contact with potash 367-711 per cent. of carbonic 
After 15 minttes’ more contact ...... 367-711 acid. 


pyrogallate .. } 367:003 =°19 per cent. of oxygen. 


Gas taken 1.20... cece eee ver | Diff. 13-156 = 3-454 


ON THE COMPOSITION OF GASES EVOLVED BY KING’S BATH. 9383 


2. 
Gastaken 2.1... ce eee eee eee 245-692 eg. 
After 15 minutes’ contact with potash.. 937-056} Ti. 8 G36— 3511 per 
After 15 minutes’ moré contact ...... 237°056 cent. of cardoni¢ acid. 
After explosion with oxyhydrogen gas.. 240:917 Anincreaseof1°63 percent. 
After addition of hydrogen .......... 79-524 | Showing -1 per cent. of 
After explosion with oxyhydrogen gas.. 278:807 oxygen. 

3. 
Portion of gas free from carbonic acid 


268-282 | Being an increase of -83 


17) <:) sr 
per cent. 


After explosion with oxyhydrogen gas.. 270-509 
Same gas, after exploding again with 274-608 Being a still further in- 
oxyhydrogen gas................ crease of 1:52 percent, 


Bottle No. 4. 
Fixed at 2 P.M. a 
Marked at 5.45 p.m.; Therm. 65°-8 F.; Barom. 30-05 inches. Contents to 
marks 1870 cub. centims. 
= 1760 cub. centims. at 0° Cent. and 760 millims, in 40 seconds. 
880 


= 2640 cub. centims. per minute, 


Gas taken .. 0.0... 0... cee cee eee 242-999 
After 10 minutes’ contact with potash.. 235-837 
After 10 mintftes’ more contact ...... 235°837 
Measured next morning ............ 2360-4 
ter 1 hour’s contact with potassic 
pyrogallate ..........0... P sees 4 235-024 
After another hour’s contact.......... 235°024 


1s 7-162 = 2-948 per 
| Peing a contraction of 
After addition of air.............00. 295-055 | 1-164 on the pas taken, 


cent. of carbonic acid. 


Difference or absorption 
1-016, or °42 per cent. 
of oxygen. 


After explosion with oxyhydrogen gas.. 293°891 or of -48 per cent. 


Showing the formation of 
-42per cent. of carbonic 


After ten minutes’ contact with potash.. 292-879 
acid, calculated on the 


No alteration on longer contact. 


gas taken. 
2. | 

Gas taken .......... cee eee eee 1759 Difference 5:376 = 3-056 
After contact with potash............ 170-524 per cent. of carbonic 
After longer contact ..............5. 170-524 acid. 
After contact with potassic pyrogallate 169-6 Absorption :924 = -525 
After longer contact ................ 169-6 - per cent. of oxygen. 
After addition of air................ 245-082 | Contraction -914, or ‘52 
After explosion with oxyhydrogen gas.. 244-168 { percent.onthe gasused. 

Showing the formation of 
After absorption of carbonic acid...... 243°457 “4 per cent. of carbonic 
After longer contact with potash ...... 243-457 ) _ acid, calculated on the 


gas taken. 
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Bottle No. 5. 


Fixed at 9.15 a.m. 
Marked at 11.30 a.w.; Therm. 64° 4 F.; Barom. 30-15 inches. Contents 


to marks 1975 cub. centims. . 
= 1867-5 cub. centims. at 0° Cent. and 760 millims. in 45 seconds. 
6225 
= 2490-0 cub. centims. per minute. 
Gas taken ........ ccc eee eee 219-498 | Absorption 5-982=2-721 
After 10 minutes’ contact with potash., 213°516 per cent. of carbonic 
After 10 minutes’ longer contact...... 213-516 acid. 
_ veilate contact with potassic 212-69 | Absorption -826 = 376 
After another half-hour.............. 212-69 per cent. of oxygen. 
After addition of air..............4. 282-354 | Contraction 2:42 = 1-1 
After explosion with oxyhydrogen gas.. 279-934 { per cent. on the gas used. 
Absorption °912, showing 
After contact with potash............ 279-022 the formation of -416— 
After longer contact ............005: 279-022 per cent. of carbonic 
| acid. 


Bottle No. 3. 
Fixed at 1.10 p.a. 
Marked at 4 p.u.; Therm. 65°3 F.; Barom. 30-04 inches. Contents to 
marks 2000 cub. centims. . 
= 1880 cub. centims. at 0° Cent. and 760 millims. in 50 seconds. 


376 
= 2256 cub. centims. per minute. . 
Bottle No. 6. 
Fixed at 10.15 a.m. 


{ Marked at 1 p.w.; Therm. 64°1 F.; Barom. 30-15 inches. Contents to 
marks 2325 cub. centims. 
= 2200 cub. centims. at 0° Cent. and 760 millims. in 70 seconds. 
314 
= 1886 cub. centims. per minute. 
Two or three small bubbles of air entered this bottle on opening. 


‘ 


Bottle No. 7. 
Fixed at 2.15 p.m, 
Marked at 4:45 p.a.; Therm. 64°-3 F.; Barom. 30°15 inches. Contents 
to marks 2150 cub. centims. 
= 2016 cub. centims. at 0° Cent. and 760 millims. in 55 seconds. 


= 2199 cub. centims. per minute. 
A few bubbles of air entered on opening. 


Bottle No. 8. 
Fixed at 5 p.x. . ; 
Marked at 10 o’clock next morning ; Therm. 66° F.; Barom.30:125 inches. 


Contents to marks 1895 cub, centims. = 1784 at 0° Cent. and 760 millims. 
in 60 seconds, 


‘to be carefully lifted off the funnel, its 
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Composition of Gases in 100 volumes. 


Carbonic Oxygen. Marsh-gas. Carbonic Nitrogen. 
I 3-464 19 
2). 3611 
I 2-948 42 -18 24 96-212 
4.) 17 3-056 525 216 186 96-019 
5 2-721 376 


The carbonic oxide was no doubt produced by the potassic pyrogallate ; 
allowing for this, the composition of the gases will be 


Carbonic Oxygen. § Marsh-gas. Nitrogen. 
9 I. 3°454 19 
‘| 3-511 
4 I. 2°948 54 "18 96°332 
° ) iO. 3°056 617 216 96°111 
5. 2°721 376 
No. 2 gave 2311 cubic centimetres per minute. 
33 4 >? 2640 33 99 9? 
» 3 4 2206 ,, ” . 
39 5 33 2490 33 9? 33 
39 6 39 1886 3? 39 93 
33 7 +B 2199 93 9? 93 
9 8 99 1784 39 39 39 
7) 15566 


Mean 2223-7 cubic centimetres of gas at 0° Cent. and 
760 millimetres mercurial pressure per minute. 


Method of collecting Gases from the King’s Bath at Bath. 

The bottle marked 1 to be taken from box at a time when there is a 
depth of eighteen inches of water in the bath. 

The string by which its stopper is attached to be cut, and the stopper 
(enveloped in paper) to be put in waistcoat pocket of operator. The bottle 
to be filled with water by immersing it in bath mouth upwards, until all the 
air has escaped from it. 

Tin funnel to be placed over the opening through which water flows into 
the bath, in such a position that all the gas which bubbles up from the spring 
will rise into the funnel. 

Bottle full of bath water to be inverted over funnel and left there until 
quite full of the gas. The bottle is then 


mouth being constantly kept under wa- 

ter, and again filled with water in the 

same manner as before, viz. by immers-. 
ing it in the bath until all the gas has 

bubbled out of it. 

When thus filled with water a second 
time, the bottle is to be slipped over the 
mouth of the funnel at the moment 
that an assistant, holding a watch mark- 
ing seconds in his hand, calls out that 
the seconds’ hand is at the point marked 
o on the scale, 
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The bottle is to be left over the funnel until # or % of the water is driven out 
of it by the gas, and the assistant being warned that the time for stopping 
the collection is approaching, the bottle is to be lifted off the funnel at the 
instant that the assistant calls out that the seconds’ hand of the watch has 
arrived at the point marked o on the circle, so that it has completed an entire 
number of revolutions since the collection of gas commenced. 

The exact time at which the collection began is to be written down by 
the assistant while the operator is collecting, and 
in the line marked with the number of the bottle, 
and the time at which the collection ceases to be 
written down by the assistant in the same table 
when the operation of collecting is complete. = 

The stopper is to be immersed, held by its 
handle, in the water of the bath for some minutes 
before the collection is complete, and pressed 
firmly into the mouth of the bottle while that 
mouth is under water and held downwards. 

The stopper is then to be firmly tied down into the neck of the bottle, the 
bottle returned to its place in the box, and the box locked up again till next 
period of collecting. - 


NOTICES AND ABSTRACTS 


Or 


MISCELLANEOUS COMMUNICATIONS TO THE SECTIONS. 


OF 


MISCELLANEOUS COMMUNICATIONS TO THE SECTIONS. 


MATHEMATICS AND PHYSICS. 


Address of W. Sporriswoovt, F.2.S., President of the Section. 


Tak great range of subjects comprised in this section, and the multiplicity of papers 
submitted to it, have doubtless contributed to deter my predecessors in this chair 
from preparing addresses so elaborate and comprehensive as those delivered to other 
sections. The custom, however, of prefacing the business proper by a short sum- 
mary of subjects which have engaged the attention of philosophers during the past 
year, and which may therefore expected to come before us during our present 
sittings, appears to be sanctioned by the wishes of our members, and may perhaps 
be followed without materially departing from that brevity which is here both 
customary and desirable. Foremost among the astronomical subjects in which we 
may hope to receive communications are the researches of Mesara. De la Rue, 
Stewart, and Loewy, in solar physics, Without attempting to anticipate what they 
may have to state, it may be as well to remind the section that it seems now to be 
established that solar spots are at a lower level than the penumbra, the facul at a 
higher ; that the  Rhotosphere is gaseous; and that the behaviour of the spots, as to 
appearance and ppearance, is connected with the position of the planets, and 
principally with that of Venus. The objection to this view of the nature of sun- 
spots which has been raised on the ground of the unbroken curvature of the sun's 
limb, notwithstanding the elevation of the facule and depression of the spots, has 
been answered by Professor Phillips in a paper read before the Royal Society. That 
the central mass is of leas brilliancy than the photosphere is also ascertained ; but 
whether this arises from solid matter at a lower temperature, or otherwise, is still a 
question. M. Faye, in an elaborate memoir presented to the French Academy, 
suggests that it may consist of nt . 
€ moon continues to be the subject of careful investigation, both theoretical 
and observational. M. Delauna explains that the delay in completing the second 
part of his lunar theory arises from his having to carry his developments beyond 
the order On ginally contemplated, viz. the seventh—in some cases as far as the 
ninth. M. Allégret states that the terms involving the cube of the time became im- 
portant when determining the secular variations. Under this head mention must 
not be omitted of Professor Ca ley’s valuable contributions to the lunar theory. 
The Lunar Committee of this Association have been most actively engaged 
during the past year, and will state the resulta of their labours in their report. 
The planet Mars has been the object of much telescopic research on the part of 
at sone Messrs. Dawes, Lockyer, and others, The supposition ie the 
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redder parts of its disk are land, and the greyer parts sea, appears to be verified ; 
recent observations also confirm the view that snow is visible in its polar regions. 
Comparing the latitudes of arctic climates on Mara with those on the earth, it has 
been concluded that the temperature on the two planets is not very different. The 
solar radiation in the two cases is, of course, very disproportionate ; but the expla- 
nation of the result is to be sought in the action of a dense atmosphere, which, as 
Professor Tyndall has shown, serves to retain large quantities of heat which would 
otherwise radiate into space. 

Mr. Lassell has communicated to the Royal Astronomical Society an ephemeris 
of the satellites of Saturn, now finally reduced to four. 

The number of the minor planets continues to increase. M. Serret has presented 
to the Academy of Paris a theory of the movement of Pallas, complete as 
the perturbations of the principal planets. He promises a second part, discussing 
the influence of the minor planets, in which he states that he has arrived at some 
curious and unexpected results. 

Although the subject of auroras more properly belongs to that of terrestrial mag- 
netism, it may here be mentioned that the height of these phenomena has been 
determined to be from 35 to 200 miles. Meteors and falling stars, whose periodic 
visits in August and November are well known, have both, by the labours of 
Alex. Herschel, Quetelet, and Secchi, been shown to be minute planetary bodies, 
differing only in size. When visible, they at a height of from tifty-two 
to seventy-three miles above the surface of the earth. M. Deville has even at- 
tempted to account for the known depression of temperature in February and May, 
and the elevation in August and November, by their position intercepting the heat 
of the sun during the former periods, and preventing the heat from the earth radi- 
ating into space during the latter. 

Before leaving our solar system, we must notice the discussion which has arisen 
respecting an expedition to the Antarctic regions to reconnoitre for practicable 
stations for the o ation of the transit of Venus in 1882. It is unnecessary to 
remind this section that upon accurate observations of this phenomenon, at proper 
points upon the earth’s surface, will depend a verification or otherwise of M. Fou- 
cault’s correction of the sun’s distance, due to his new measurements of the velocity 
of light. The question of the expedition, however, will doubtless be fully discussed 
in the geographical section. 

A celestial atlas, just published by M. Dien, promises to surpass all its prede- 
cessors in accuracy of detail. The difference of longitude between points on the 
great arc of parallel Bonn, Nieuport, and Haverfo west—has been carefully ob- 
served; so has the longitude of the observatory at Glasgow. 

The usual amount of attention has been paid by observers and calculators to the 
subject of comets and their orbits. But, besides this, M. Hock, in a paper presented 
to the Royal Astronomical Society, has argued in considerable detai in favour of 
his view that comets move in parabolic and hyperbolic orbita, not in ellipese—that 
they are not isolated bodies, but consist of groups of fragments of bodies broken 
up by the sun or planets. . 

Passing to the more remote celestial objects, Mr. Huggins has been continuing 
his observations on, and has determined, the spectra of the fixed stars and nebule, 
of which we may hope to hear some further particulars. In the meantime, I will 
notice only one point, but that a very curious one. Lord Rosse and Professor Bond 
find, by telescopic observations, that the brighter portions of the great nebula in 
Orion are apparently resoluble into stars. Mr. Huggine’s analysis, on the other hand, 
gives a spectrum consisting of three bright lines only, indicating a gaseous condition. 
An explanation of this apparent contradiction is perhaps to be found in the sugges- 
tion that the bright points shown by the telescope are not stars in the ordinary 
sense of the term, but condensed parts of the nebulous fluid. Imagination would 
lead us to suppose that we have here before us a stage of cosmical process interme- 
diate between nebula and stars—the formation of a sun; but strict science forbids 
us as yet to adopt this as an ascertained conclusion. . 

pectrum analysis continues to receive further additions at the hands of the chair- 
man of our Kew Committee, Mr. Gassiot, who has carried the question so far as to 
construct an apparatus for determining whether the so-called fixed linee of the 
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solar spectrum undergo any displacement through the variation of gravity, in passin 
from one latitude to another on the earth’s surface. Gravity, g 

The operations at the Kew Observatory in terrestrial magnetism, and with the 
pendulum apparatus recently erected there, will form the subject of a separate re- 
port. In the former department the observations at Stonyhurst give, as the annual 
secular decrease of dip for the mean epoch of 1861-69, 2'614—a result not very dif- 
ferent from that determined by General Sabine for London, viz. 269. From the 
game quarter we are informed that the annual increase of total force is 0030 British 
unit. Although this requires observations continued over a longer period, it may 
still be regarded as confirmatory of the fact that the total force is increasing. 

To Protessor Tyndall’s researches in radiant heat allusion has been already made. 
From himself, however, we hope to receive a communication on his more recent 
experiments, whereby he has been enabled entirely to cut off the luminous from 
the calorific rays, and to produce not only combustion in an absolutely dark focus, 
but also the incandescence of platinum by non-luminous rays. 

Among the experimental improvements ‘in subjects kindred to this may be men- 
tioned M. Marcus’s new thermo-electric battery, an invention likely to render this 
kind of battery far more’ generally serviceable than has hitherto been practicable. 
Like many other inventions, this has not been without some kind of anticipation, in 
8 supgestion by Mr. Wheatstone in ‘The Philosophical Magazine’ as long ago as 

We should also notice a suggestion by M. Carlier, for dispensing with the coverin 
of the wire in electric coils. It is said that this has been carried out with suc 
euccess as to produce an increase rather than diminution of power. M. Richer also 
suggests the use of sulphur plates instead of glass in electrical machines. Mr. Beale 
has succeeded in using object-glasses for the microscope of much higher power 
Cr in.) than heretofore; and I must not omit to mention that an essential part of 
the apparatus consists of a cap of the thinnest possible glass, manufactured only by 
Mr. Chance of this city. 

From the Committee on Electrical Resistance we shall doubtless receive a fur- 
ther report. But the gigantic experiment to which the whole subject has recently 
been subjected—an experiment which, notwithstanding its present interruption, we 
may still call a great scientific success—will doubtless give an additional interest 
to anything that the members of the committee who accompanied the Atlantic 
expedition may have to communicate. 

Side by side with these experimental researches, the mathematical theories of 
molecular physics have been advanced in several directions. Professor Maxwell, in 
this country, and M. Renard in France, have each contributed a memoir on electro- 
dynamics ; and the latter has deduced his fundamental formule from the hypothesis 
of a single fluid. M. Corun, by a happy application of M. Chasles’s principle of 
homographic planes, has deduced from MacCullach’s theory some proporitions 
relating to crystalline reflexion and refraction. These have the remarkable property 
of being independent of the wave-surfrce, and therefore may be said to rest upon 4 
simpler frame of hypothesis. M. Corun is preparing some apparatus for the experi- 
mental verification of his method. M. Boussinecq also has presented to the Academy 
of Sciences a memoir on the theory of light, in which he has taken into account 
terms of the second degree in the displacements. It would seem that the paper 
contains generalizations comprising the theories of Fresnel, MacCullagh, and 
Neumann. Lastly in this connexion may be mentioned the writings of M. Saint 
Venant on the vis viva of elastic systems, and his extension of the investigations 0: 
Narvier and Poncelet on the resistance of elastic bars, rods, &c. 

In each of the main branches of pure mathematics, geometry and analysis, a 
modern school has arisen. The former, originating with Carnot, Dupin, Poncelet, 
and others, dates from the early part of the present century; the latter, due in the 
first instance to Cayley, Boole, and Sylvester, belongs wholly to the present gene- 
ration. Both schools have this in common, that figures in the one case, and forms 
in the other, are considered not merely as isolated individuals, but as associated 
with other concomitant forms which characterize their various properties 
__ In pure geometry we have the principle of projection, whereby any plane figure 
1s considered in connexion with all or any other plane figure lying es the same 
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cone, in such a way that a theorem relating to one figure frequently establishes a 
corresponding theorem relating to the other. Thus many properties of conics in 
general are at once suggested and proved by reference to the circle. 

Again, the theory of reciprocal polars, or rather the principle of duality, which 
enables us to see points and straight lines in a condition of interdependence such 
that theorems relating to points (e. f: positions or curves, intersections of lines, &c.) 
at once give rise to corresponding theorems relating to straight lines ( nts, rec- 
tilinear loci, &c.). Under the head of modern geometrical methods falls also the 
theory of pencils of rays and transversals; straight lines radiating from a point and 
cutting another line, straight or curved. This again suggests the idea of relations 
between the segments of the transversal (when straight) or between the angles 
made inter se by the radiating lines. The most fruitful conception of this kind has 
been that of the anharmonic ratio of four points or rays. This peculiar ratio re- 
mains unchanged under such a variety of circumstances, that it has arisen to an 
almost independent principle in geometry; and upon it M. Chasles may be said to 
have founded, to a very great extent, his ‘Geométrie Supérieure’ and his new 
work on conic sections, the first volume of which has recently appeared. Before 

uitting this part of the subject, it should not be omitted that a great part of these 
theories have their application to figures in epace as well as to those i plano. 

The second volume of M. Chasles’s work will contain a full exposition of his recent 
most important contribution to the theory of conics. He has found that the properties 
of a system of conics satisfying any four conditions whatever may be most naturall 
expressed in terms of two elements or characteristice—namely, the number of suck 
conics which pass through any point, and the number which touch any line. 
Starting from this fruitful notion, he has, by a process which may be termed geo- 
metrical substitution, been able to express, in & single symmetrical formula, the 
number of conics which satisfy any five conditions whatever. We may almost aay 
that he has condensed into this formula the whole theory of conics. 

Again, connected with this is the principle of deformation—another method of 
considering one figure in relation to another, the points of the one being connected 
by a definite construction with those of the other. By this, and in particular by a 
moet happy extension of it by Professor Hirst, theorems and properties of curves of 
higher degrees are demonstrated through those of lower, e. g. curves of the fourth 
and fifth degrees by conics. 

Passing to analysis, we have in the first place the analogues of the geometrical 
theories above mentioned. To the method of projection corresponds (in one of its 
interpretations at least) the method of linear transformation ; to that of deformation, 
non-linear transformations. The method of transverenls as well as those of anhar- 
monic ratio and geometrical involution admit of a concise analytical statement ; 
but they cannot be called methods even in analytical geometry, still less in analysis 
proper. The principle of duality, however, as treated by Plicker, may claim an 
analytical with as good a right as a geometrical basis. 

Before quitting this part of the subject, mention should be made of two impor- 
tant and onginal contributions to analytical geometry in . One, by Professor 
Cayley, is directed to the representation of curves in space (by means of cones having 
vaniable vertices) ,@ method free from the extraneous branches sometimes intro- 
duced by the ordinary conception of the complete intersection of two surfaces; of 
the other, by Professor Pliicker, we have at present only the abstract in the pro- 
ceedings of the Royal Society; it promises, however, to abound in processes of 
great power and originality. 

But the greatest acquisition to modern analysis is what is now generally termed 
the new algebra. This calculus, which originated in this country, and from the 
first received wide developments at the hand of its founders, Boole, Cayley, and 
Sylvester, has, during the last few veara, found numerous cultivators both amongst 
ourselyes and on the Continent. The main problem proposed for solution is the 
Investigation of the properties of rational homogeneous algebraical functions of any 
number of variables, the forms to which they are capable of being reduced, the 
subsidiary expressions to which they give rise or with which they may be asso- 
ciated, and the bearing of the latter upon the former. Investigations so general, 

80 abstract, and so apparently removed from any practical application could not 
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fail to be regarded coldly by many whose attention had been principally directed 
to special problems in physics. And one at least of my hearers will doubtless, with 
myself, recollect the unrestrained censure which, in the midst of a most hearty 
greeting, the late astronomer of Turin would pour upon the labours of any disciple 
of the modern school who chanced to visit him. The promoters, however, of this 
science, sure of their footing, and confident that nothing which could lead to resulta 
of such a remarkable character or of such great generality, that nothing which 
could unite, correlate, and eumplity the apprehension of such numberless disjecta 
membra of analysis—confident that no such method would in the end prove useless 
or unmeaning in the interpretation of nature—pursued their investigations; and a 
very short time has justified their firmness, by witnessing the new algebra reaching 
out and indissolubly connecting itself each year with fresh branches of mathematics. 
The theory of equations has almost become new through it; algebraic geometry 
has been transfigured in its light ; the calculus of variations, molecular phyzics, and 
mechanics have all felt its influence. 

The memoirs of Cayley on quantics, those of Sylvester on the calculus of forms, 
have become classical. Intimately connected with this subject is the theory of 
numbers, which, at the hands of some leading analysts, principally German and 
French, has recently received such large extension. One peculianty, but that of a 
very general character, which distinguishes some of the modern from the older 
methods, consists in the introduction of variable quantities into the expressions—in 
other words, in bringing the processes of continuous to bear upon the Propertics of 
discrete quantity. But into this it is unnecessary to enter in any detail, as we 
have already in our volumes the very able and comprehensive reports by Professor 
Smith, of Oxford. We are now anxiously expecting his final communication, not 
only because we shall then have before us a survey of the whole subject brought 
down to the present time, but still more because we trust that the author may then 
find leisure to complete the original work upon the theory of numbers upon which 
it is understood that he has been engaged for many years, and to which the reports 
in question form only a prelude. 

e tendency which is here exhibited of some common principle running through 
various subjects, and bringing them into connexion, reappears in the differential 
resolvents of Cockle, Harley, aud others, and in the transcendental solution of 
equations which has been effected on the Continent. In both cases a relation is 
established between ordinary algebraic equations and the differential calculus—in 
the one with linear differential equations, in the other with a simple integration. 
Some future developments will, perhaps, throw further light upon the ultimate issue 
of these processes. 

The calculus of operations, or of symbols, as it has been also called, whereby the 
symbols of operation are separated from those of quantity, has for some years been 
in use among analysts in this country. And although no very remarkable step has 
recently been made, or is perhaps to be expected, in this field, stil) some conaider- 
able progress has been effected towards completing the algebra, or laws of combi- 
nation, of these non-commutative symbols. . . 

It would occupy too much time to touch upon the many more subjects which 
suggest themselves, but it would be impossible to pass over without mention the 
important contributions to the theor of differential equations, and in particular of 
those which occur in mechanics, the late Professors Jacobi and Boole (in 
whose deaths mathematical science as sustained so great loeses), and, secondly, 
the extension which the theories of elliptic and Abelian functions have received at 
the hands of Riemann, Hermite, Weierstrasse, Clebsch, and others, The lagt-men- 
tioned mathematician has brought the subject of Abelian functions to bear in a 
most remarkable and unexpected manner upon algebraic geometry. 

I will allude to only one more instance of modern generalizations—namely, the 
conception of imaginary quantities introduced alike into geometry and algebra, 
one of the most fertile sources of new and important theorems. The funeral on 
this very day of one of our most profound mathematicisns—Sir W. R. Hamilton 
—the inventor of quaternions, invests the subject with a somewhat mournful 
aspect on the present occasion. And here I must bring this brief and imperfect 
sketch of recent progress in our subjects to a close. ie would have becn more 
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interesting to myself, and more justice would have been done to the writers whose 
names have been little more than mentioned, if I could have completed the outline, 
or, better still, have filled in the details. As it is, some apology is due for having 
so long detained you upon mathematics; but, as a science whose rules all others 
must obey, it has large claims upon our attention ; and if & personal motive must 
also be confessed, one’s mind lingers upon a favourite subject. 


MATHEMATICS. 
On Dual Arithmetic. By O. ByRne. 


The author explained his method of dual arithmetic, which he has applicd, in 
connexion with the calculus of form, to investigate the relations and properties of 
angular magnitudes and functions, plane and spherical trigonometry, &c. 

On certain Theorems in Laplace’s Discussion of the Figure of the Earth aud 
Precession and Nutation. By Prof. A. H. Curtis. 


On the Theory of Differential Resolvents. By the Rev. R. Hanrey, F.R.S. 


The theory of differential resolvents owes its origin to the discovery that, from 
any algebraic equation of the degree », whereof the coefficients are functions 
of avariable, there may be derived a linear differential equation of the order n—I, 
which will be satisfied by any one of the roots of the given algebraic equation. 
These differential equations are now known by the name “ differential resolyents.” 
The author explained how they are formed, and pointed out their connexion with 
the'theory of algebraic equations. 

One of the most important of his recent results is the following :— 

If « represent tho mth power of any root of the algebraic equation 


y”® —ny”—* + (n—1) r=0, 
then «, considered as a function of 2, satisfies the linear differential oquation 


(tered 2] [ad Jeno vy [ed a] 


in which the usual factorial notation 

(a}>=(a) (a—1)...(a—b+1) 
is adopted. And the complete integral of this differential equation is 

u=C, yimtC, y,™ eee +C,, Yn™, 
Y11 Yor «++ Yn being the n roots of the given algebraic equation. T'rom this theorem, 
which is an extension of one given by the late Prof. Boole in the Philosophical 
Transactions Tor 1864, p. 735, all the differential resolvents of algebraic equations of 
the above trinorfial form may be readily deduced, by making m=1, in which case 
u=y, and depressing the differential equation by immediate integration. 


On Chasles’s Method of Characteristics. By Professor T. A. Hirst, F.2.S. 


After briefly explaining the nature and scope of this important method, by which 
the theory of conic sections has now been completed, the author communicated a 
few of the results of Professor Chasles’s most recent researches on the properties of 
conics in space, which satisfy one less than the number (eight) of conditions neces- 
sary to determine them. These results were communicated to the Academy of 
Sciences, on September 4, 1865, and appear in the ‘Comptes Rendus’ of that date. 


On Quadric Transformation. By Professor T. A. Hirst, F.R.S. 


The object of the paper was to establish new properties of two figures (in one and 
the same plane) so related to onc another that to a point in one figure corres onds 
but one point in the other, and rice rersd, whilst to a right line 1n the one figure 
corresponds a, conic section in the other. .Among these properties were several 
vhich oxhibit a remarkable connexion between a correspondence of this kind and 
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the theory of numbers. The author's attention was first directed to this connexion 
by Professor H. J. S. Smith, of Oxford. 


On a Method of discovering Remainters in Arithmetical Division. 
By ©. M. Inetesy, LL.D. 

Let A be any number (or aggregation of units), and let the prefix R indicate 
the operation of distributing the number to which it is prefixed in a scale of nota- 
tion whose radix is r. Let B be the number of units in RA; then partter MB is 
the operation of distributing B in a scale whose radix is m; and so of other prefixes. 


Then RAW ME is an integer, m being + or —. Now, if MB>r, let C be the 


number of units init. Then BAW we is an integer; and so on until we arrive at 
MT,a number <r. Then, finally, RA-MT is an integer ; RA and have 
r—m r—m r—m 


ual remainders, and as MT<r, if+, it is either =r—™, or is the remainder after 
dividing RA byr—m; andif MT is —, r—m—MT is the remainder sought. 
Apply this to the denary number 76438 ; then r=10. 
(1) Let m=1, then the divisor is 9; 
MA=8+8+4+46+7=28 ; MB=8+2=10; MOC=1, 
the remainder after dividing 76438 by 9. (This is an extension of the principle of 
‘‘the rule for casting out the nines.”’) 
(2) Let m=—1; then the divisor is 11; 
MA=8—3+44-—647=10; MB=—1; and 11-1, 
or 10, is the remainder after dividing 76438 by 11. 
(3) Let m= —6; then the divisor is 16; 
MA=8-—8x6+44x386—6 x 2164-7 x 1296=7910; 
MB= —6+9x 36—7 x 216= — 1194 ; 
MC=—449x6—36+4216=230; 
MD=—3xX6+2x 36= 54; 
ME=4-—5x6= —26; © 
MF=—6+4+2x 6=6, 
the remainder after dividing 76438 by 16. . 
The theorems dependent on this general princi le are as follows :—Writing SA 
, an 


for the ultimate operation on A instead of M letting A,, Ay Ag eseesceee eee 
«A, be # numbers, 

S(A,.A,. Ag... ceeee Au) =5 (SA,.SA,.5SA,....006- SAy). ...+- GQ) 

Cor. If A,=A,=&c....... =A,,SAp=S(SA)y.- - eee eee eee (2) 

Also S (A, +A,+A,+......+A,)=S (SA, +5A,+8A,+..... +SA,).. (8) 


Cor. S(A™ 4AM 4AM 4... + AnH)” 
=S[(SA,)"'+ (SA,)™+(SA,)™+ ..--- +(SAu) ™]" - - (4) 


P.S8. If m be + and > 1, and MT (or SA) > m, (it must be <r), we have appa- 
rently a case of failure. 


On a New Method in Geometry. By Prof. Priicxer. 


On the Extension of Taylor’s Theorem by the Method of Derivations. 
By Prof. Price. 


On some Applications of the Theory of Probabilities. By Prof. Pricr. 
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On the Calewation of the Potential of the Figure of the Eurth. 
By W. H. L. Russert. 

The object of this paper was to simplify and render symmetrical certain portions 
of Professor O'Brien's investigations on the figure of the earth. In that paper the 
reduction of the expression for the potential to a convenient form is effected by the 
introduction of a discontinuous quantity ; the author of the present paper has 
found that the required form is obtained much more shortly by dividing the original 
definite integral into two parts, and then expanding separately. 


On the application of D’Alembert’s Principle to the Rotation of a Rigid Mass. 
By Dr. STEVELLY. 


The author explained that the present method of applying D’Alembert’s prin- 
ciple to the investigation of the spontaneous axis assumed by a free, rigid mass, 
under the action of force, in all the works he was acquainted with, led to what he 
showed to be a false conclusion, viz. that that axis must be a principal axis of the 
rigid mass. He showed how the error arose from neglecting, in applying the prin- 
ciple of D'Alembert, to take into account not only that part of the motion of each 
elementary part of the body which related to the magnatude of its motion, but also 
that part which relates to its direction, and from which its centrifugal endeavour 
at each instant arises. But if the force impressed tend to produce rotatory motion 
round an unstable spontaneous axis, how can the present mode of applyin 
D’Alembert’s principle lead to a true conclusion, when it proceeds on the frethod 
of bringing the body into such a state that the equations of equilibrium (that is, of 
no after-change) shall give the direction-courses of the axis? 


On a Special Class of Questions on the Theory of Probabilities. 
By Professor Sytvesrer, F.R.S. 


After referring to the nature of geometrical or local probability in general, the 
author of the paper drew attention to a particular class of questions partaking of 
that character in which the condition whose probability is to be ascertained is one 
of pure form. The chance of three points within a circle or sphere being apices of 
an acute or obtuse-angled triangle, or of the quadrilateral formed by joining four 
points, teken arbitrarily within any assigned boundary, constituting a reentraut or 
convex quadrilateral, will serve as types of the class of questions in view. The 
general problem is that of determining the chance that a system of points, each 
with its own specific range, shall satisfy any prescribed condition of form. For 
instance, wwe may suppose two pairs of points to be limited respectively to segments 
of the same indefinite straight line: the chance of their anharmonic ratio being 
under cr over any prescribed limit will belong to this category of questions, to 
which, provisionally, the author proposed to attach the name of form-probability. 
In questions of form-probability, in which all the ranges are either collinear seg- 
ments or coplanar areas, or defined portions of space, rules may be given for trans- 
forming the data, so as to make the required probability depend on one or more 
probabilities of a simpler kind, leading to summations of an order inferior by two 

egrees to those required by the methods in ordinary use. Thus Mr. Woolhouse’s 
question relating to the chance of a triangle within a circle or sphere being acute 
can be made to depend upon an easy simple integration, the solutions heretofore 
given of this problem involving complicated triple integrals. It was shown, as & 
further illustration, that the form-probability of a group of points all ranging over 
the same triangle remains ynaltered when the range of one of them is limited to 
any side of the triangle chosen at will, and, again, (for convenience of expression 
distinguishing the contour into a base and two sides) will be the mean of the two 
probabilities resulting from limiting one point to range over either ride with uni- 

orm probability, and simultaneously therewith a second point of the group over 
the base, with a probability varying as its distance from that end of the base in 
which it is met by the side. An analogous rule can be given for transforming the 
form-probability of a group limited to any the same parallelogram. So again for 
& group of points ranging over a plane figure bounded by any curvilinear contour. 
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The problem may be transformed by supposing two of the points of the group to 
range on the contour itself, according to a law which may be expressed by saying 
that the probability of their being found on any are shall vary as the product of 
the segment included between the arc and its chord, multiplied by the time of 
describing the arc about any centre of force arbitrarily chosen within or upon the 
contour,—a theorem which, accepting the idea of negative probability, admits also 
of extension to the case of a centre of force exterior to the contour. 

Among other problems which the author readily resolves by aid of his rinciple 
of transformation, may be mentioned that of determining the mean value of 4 
triangle whose angles are taken at random anywhere within a given triangle, 

aralfelogram, ellipse, or ellipsoid. In this description of questions a peculiar 
vifficulty arises, from the fact that the figure which is to be integrated in order to 
determine the numerator of the fraction which gives its mean value must always be 
taken positive, whereas its algebraical expression will repeatedly change its sign, 
according to a more or less complicated law. This quality of the analytical expo- 
nent of the arithmetical value of the figure constitutes, in fact, a sort of polarization 
which has to be got rid of; and the depolarizing proccss is cflected with great ease 
by virtue of the simplified form impressed upon the data by the method set forth 
in the paper. 

The Duthor further took occasion briefly to allude to the form in which his own 
problem of four and Mr. Woolhouse’s problem of three points were originally pro- 

, Viz. in each case without a specified boundary, and to express his opinion 

that the principle which had been applied to them, and in which he had formerly 

uieaced, was erroneous, as it could be made to lead to contradictory conclusions, 

and must be abandoned. Ho was strongly inclined to believe that, under their 
original form, these questions do not admit of a determinate solution. 


On Professor Price’s Modification of Arbogast’s Method. 
By Professor Sytvester, FHS. 


Light. 


On Moving Photographic Figures, illustrating some Phenomena of Vision con- 
nected with the Combination of the Stercoscope and the Phenakistoscope by 
means of Photoyraphy. By A. Cravuvet, F.R.S. 


From the beginning of photography it must have struck those who were ac- 
quainted with the phenakistoscope, Invented by Plateau, that photography could 
produce with advantage series of pictures for that instrument with greater accu- 
racy than any made by hand. M. Dubos made some ingenious attempts in this 
direction, but not entirely satisfactory. The author had also turned his attention 
towards the subject, and had practically experienced the difficulty of obtaining 
together the phenakistoscopic and stereoscopic effects. He desired to lay before the 
Association an attempt he iad made some years ago, illustrated by an instrument 
showing how easy it was to obtain the illusion of moving figures, but without 
stereoscopic effect,—two pictures of different positions being sufficient to elicit the 
phenomenon, although the illusion suffers from the deficiency of intermediate posi- 
tions. Nothing, however, is easier than to employ eight different pictures in as many 
different stages of the action, and the effect will be sufficiently complete. For this, 
Mr. Claudet, having placed in his stereoscope two separate cubic frames, has only to 
fix on their four sides, at right angles, two sets of four pictures, which are made to 
pass In consecutive order before the lenses, and the figure assumes consecutively 
eight different stages of the whole action. The instrument with only two pictures 
will suffice to illustrate the principle, and, at the same time, elicit some curious 
phenomena of the perception of vision. The author has constructed his instrument 
in such a manner that by means of a slide with one hole he can, by moving it 
rapidly in a reciprocating horizontal direction, shut one lens while the other remains 
open; and in continuing that motion, while one eye sees one of the two pictures, 
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the second eye cannot see the other picture. If, before the sensation of one eye 
exhausted, the slidz shuts the first lens and opens the other, a new impressjon is pro- 
duced, and we have an uninterrupted sensation of vision as if the object had moved 
before us; and if a sufficient number of pictures represent that object in the various 
consecutive positions it has assumed during the several stages of its motion, we e 
rience the sensations we have when we sce the object while moving; and although 
the pictures in their limited number do not show all the intermediate positions, 
still the mind has the power of tilling UP the deficiency, as it does if, when looking 
at a real object in motion, we accidentally wink the eyelids, or an obstacle happens 
to pass between us and the object. To exemplify this, Mr. Claudet has employed 
two photographic pictures, one representing the beginning of an action, the other 
the end. By moving the slide one way, the nght eye can see the picture repre- 
senting the figure in one position, while the picture showing the other is inviable 
to the left eye ; then by moving the slide the other way, the left eye sees the tigure 
in the second position, and the first picture is invisible to the right eye. Although 
we have really only seen the figure in two extreme positions, still we have the illu- 
sion of having observed the imtermediate positions—as, for example, in a slide 
exhibited having one picture of a boxer with his arm close to his side as preparing 
to hit, and another with the arm extended delivering the blow. Here, although all 
the intermediate positions are omitted which must have been assumed during the 
act, the mind completes the action. Another curious phenomenon of this alternate 
vision is, that one cannot distinguish which eye the object is seen by ; for although 
the vision is transferred alternately from one eye to the other, we are not conscious 
of the act; and during the change of pictures which has taken place in the mean- 
time, we have had a uniform and uninterrupted sensation, and consequently it has 


appeared as if the object were moving. 


On Spectacles for Divers, and on the Vision of Amphibious Animals. 
By ¥. Gatrox, F.RS., F.GS. 

Bathers who have surmounted the very natural repugnance, felt by beginners, to 
open their eyes when they dive, find when they look about them under water that 
nothing is to be seen with distinctness. They perceive little more than a haze of 
diffused light ; for their eves are thoroughly out of focus in a water medium. When 
& man under water holds his hands at a little distance from his face, so great is the 
confusion of outline, that he cannot discover the spaces between his fingers even when 
he has separated them as widely as possible. The appearance is a formless blurr of 
white. Now what is the precise cause of this indistinctness of vision ? By what 
optical arrangement can it be overcome? And how do amphibious animals accom- 
modate their sight to the requirements both of air and of water? Suppose a tube, 
with a flat bottom of glass, filled with water; when the surface is perfectly still, 
and we look down the tube, we see objects lying in the water and others in the air 
below the glass bottom, with perfect distinctness. But if we bend the head down 
to the tube, the instant the eye touches the water all distinctness of vision ceases. 
The convex surface of the eyeball has indented the plain surface of the water and 
thereby turned the tube into a concavo-plane water-lens. The convexity of the 
eyeball is very great ; according to physiologists, the radius of its curvature is only 
0°31 of an inch ; the effect of the concave lens which it stamps on the surface of 
the water must be proportionately large; and if it be desired to counteract its in- 
fluence, a convex lens must be used of such high power that, when immersed in 
water, its effect shall be equal and opposite to that of the concave water-lens. A 
simple calculation shows the description of lens required. A double-convex lens of 
flint glass, each of whose surfaces has a radius of 0°48, is the equivalent. It would 
exactly neutralize the effect of the concave water-lens, if it were held close, to the 
eyeball. This curvature of the lens would require to be somewhat modified accord- 
ing to the convexity of each individual eye, and to the refractive power of different 
kinds of flint glass. When held at the usual distance of an eye-giass from the eye, 
a lens of more moderate power, such as a radius of 0-60, or even 0-70, is found 
sufficient. Furnished with eye-glasses containing suitable lenses, we might expect 
hat the vision of a diver would be rendered as clear under water as in air, that its 

“e would be limited only by the turbidity of the water, and that it would not be 
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affected by indistinctness due to the disordered focus. But the author had found 
that the eye, when looking through a lens of this description under water, has 
not much power of accommodating itself to different distances ; and with the best 
of those the author had us yet constructed, the limit of distinct vision appeared 
practically restricted to a range of about eight feet. The attempt, however, was 
only provisional: his experiments had but very recently been commenced. It must 
be distinctly understood that men in diving-machines or helmets do not require such 
lenses; for their eyeballs are separated from the water by the apparatus in which 
they are cooped up. All that is needed by such persons is to have ordinary windows 
of stout plate glass through which they can look out into the medium which sur- 
rounds them. The author’s contrivance refers to the wants of divers in pearl- and 
sponge-fisheries, to sailors who have occasion to examine the bottoms of their ships, 
to persons who have dropped something in the water which they wish to recover 
and to bathers generally. To those who can swim, the author promises a material 
addition to their enjoyment, in the possession of these eye-glasses or spectacles. It 
is no slight pleasure to live in some degree the life of a mermaid, keeping below 
water for a minute at a time, and seeing everything in one’s immediate neighbour- 
hood as clearly as it could be seen by leaning over the gunwale of a boat on a still 
day, when the glare from the water was pertectly shaded. There are many amphi- 
bious animals that see as well under water as in air. Amongst these are seals, 
otters, hippopotami, water-rats, and diving birds of many descriptions. The cornea 
of the sent ia flattened, but that of the other animals appears to be as convex as in 
man. By what means these other animals are able to adjust their eyes to the re- 

uirements of water and of air indifferently, is wholly unexplained. EL nysiologists 
do not seem to have been aware of the vast powers of optical adjustment which 
the habits of these animals necessitate. 


The Refraction Equvalent of Carbon. By Dr. J. H. Guapstonz, F.R.S. 


The refractive index of a substance, minus unity, divided by the specific gravity, is 
termed its specific refractive energy ; and this multiplied by the chemical equiva- 
lent has been termed, by Landolt, its refraction equivalent. The present commu- 
nication was intended to show that carbon, whether as the pure element, or as a 
pert of solid, liquid, or gaseous compounds, has the same refraction equivalent, viz. 

, or a little more. Diamond gives 5; carbonic acid, 5-03; bisulphide of carbon, 
5:3; chloride of carbon, 5:15; cyanogen, about 5-2; many hydrocarbons, 6 ; sugar, 
about 4°8; while Landolt, from the refraction equivalents of compounds differing 
by one equivalent of carbon, determined the number 5. In some highly dispersive 
substances a higher number was arrived at by calculation. 


On a New Form of Spectrum-Microscope. By H. C. Sonny, F.R.S. 


The superiority of this instrument, as compared with that first proposed by the 
author, consists in the employment of a compound direct-vision prism over the 
eye-piece. The slit is fixed in the focus of the upper lens of the eye-piece, which 
is made achromatic, so that all parts of the spectrum may be distinctly seen at the 
same time. By using a binocular microscope, the inclined tube can be employed 
as a finder ; and on arranging so that a minute object is in the centre of the field, 
it will be directly in front of the slit fixed in the eye-piece of the other tube. On 
looking through this eye-piece it is easy to see that the object is properly placed 
in front of the slit; and then, on placing the prism on the eye-piece, as if it were 
a Nicol’s prism, the spectrum of the object can be seen to great advantage. This 
compound analyzing priem consists of two right-angled prisms of flint glass, between 
which is a rectangular prism of crown glass, and at each end a crown-glass prism 
of about 75°, all cemented together with Canada balsam. Arrangements are also 
made in the instrument, by means of a reflecting prism covering half the slit, so 
that the spectrum of a minute object placed on the stage may be compared with 
that of a larger object placed on a stage attached to the side of the eye-piece, and 
thus their ditlercnce or identity may be seen at aglance. It is thus easy to compare 
the spectra of minute crystals and of their solutions, to study the spectra of small 
coloured blowpipe beads, aud, in fact, accurately examine the nature of the light 
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transmitted through any minute coloured substances. By using a parabolic reflector 
attached to the object-glass, opaque bodies may be examined by reflected light ; 
and, as a curious test-o ject, it may be mentioned that, by this means, a speck of 
blood on white paper, which would not weigh more than one-millionth of a grain, 


will show a perfectly characteristic spectrum. 


Heat. 


Experimental Inquiry into the Laws of the Conduction of Heat in Bars, and 
tnto the Cunducting-Power of Wrought Iron. By Principal Forsss, F.R.S. 


The experiments described in this paper were all made in 1850 and 1851, upon 
a plan which was fully explained by the author in letters to Mr. Airy and Pro- 
fessor Kelland in the former year. Some notice of them appeared in the British 
Association Reports for 1851 and 1852, and the apparatus was supplied by a grant 
from the Association. 

In previous inquiries into the thermal condition of a long conducting bar heated 
at one end, two assumptions have always been made :—/irst, that the flux of heat 
acruss any transverse section of the bar is proportional throughout to the rapidity 


of the decrement of temperature reckoned along the axis of the bar (or to 2, where 


v represents the temperature, above that of surrounding space, of any point of the 
axis of the bar at a distance z from the ongin : secondly, that the loss of heat 
by radiation and convection from the surface of the bar 1s at every point propor 
tional to the same temperature r. By assuming these principles (the last of which 
is certainly more or less inexact), the well-known solution of the problem of the 
heated bar is, that the temperatures (or excesses of temperature) diminish in a 
ometrical progression from the origin, and finally, of course, become insensible. 
vious experimenters have confined themselves to finding the constants of the 
logarithmic curve for different substances, and thence their relative (not absolute) 
conducting-powers., 

In the experiments now described, neither of the above-mentioned principles is 
assumed. e external loss of heat is directly ascertained by experiment, and the 
admissibility or otherwise of the first of the two assumptions is also directly tested. 
That assumption may be thus symbolized: F = — i, where F is the flux of heat 
across unit of section, k the conducting-power for the substance employed, and 
and + have the same signification as before. 

I. In the first instance, a bar of iron 8 feet long and 1} inch in diameter, was 
heated at one end by means of a crucible containing melted solder. Thermometers 
were inserted at various points of its length. The results, » in terme of 2, 


were projected in a curve (approximately a logarithmic), and the values of 


were found by projection or calculation, or both. 

If. Next, a short bar (20 inches long), perfectly similar in section and condition 
of surface to the long bar, is heated to above Cent. in a bath of fused metal, 
and allosred to cool in free space, a thermometer being inserted at the centre of its 
length. This gives us the rate at which such a bar ts parting with tts heat from all 
causes tchatever, in terms of the temperature shown by a thermometer in its axis. 

III. The losses of heat in unit of time (one minute) last found, may be taken as 
representing the amount of heat dissipated from each elementary section of the 
long bar in the statical experiment (I.), being given in terms of the temperature 
proper to each point of such a bar. A curve may thus be constructed, having for 
its line of abscissre the axis of the long bar, and for ordinates, the rate of diesipa- 
tion of heat from each portion of its surface due to both radiation and convection. 
This curve is called by the author the statical curve of cooling. 

IV. If we can by mechanical quadrature, or otherwise, find the whole amount of 
eat dissipated between any point of the long bar and its coolest extremity, we 
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have, in fact, the flux of heat passing from tho hotter extremity of the body across 
the particular section in question ; for the condition of permanence of the tempe- 
rature of the bar arises from the equality of the heat supplied and dissipated. But 
the whole heat dissipated in unit of time is the integral of the partial dissipations 
represented by vertical ordinates of the last-named curve, taken between any as- 
sumed point z and the furthest or cool end of the bar. This quantity, then, is F 
or the flux across unit of section at the point z. 

V. We are now able to resolve the question whether or not the flux of heat is in 
the given bar everywhere proportional to the rapidity with which the temperature 


decreases a3 z increases, or whether the equation holds, F= -k the conducting- 


power k being supposed to be constant. 

The following Table shows that the constancy of & in the case of iron cannot be 
assumed,—on the contrary, that the conductivity diminishes when the tempera- 
ture increases. 


Conductivity of Wrought Iron. 


a 


‘Conkigaie. Units the Foot, |! Units the Centi- 
| 


Minute, métre, Minute, and 
and Cent. Degree. Cent. Degree. 


oe 01337 12°42 
50 01144 10°63 
100 01012 9-40 
150 00934 8-68 
200 00876 8-14 
250 00826 707 


The author had pointed out 80 Iong ago as in 1833 the apparent coincidence of 
the order of metals, taken with reference to their power of conducting heat and elec- 
tricity. In 1852 he announced that the conductivity of iron for heat diminished 
with the temperature. Since that time Dr. Matthiessen has clearly established the 
same result for electricity, and finds, moreover, that the temperature-coeflicient 
varies most rapidly at lower temperatures—a law which may be observed also to hold 
in the preceding Table for Heat. It would be premature to ussert from these expe- 
riments alone that the “ percentage decrement” in the case of iron is the same for 
heat and electricity, although it is not impossible that it may turn out to be so. 


On the Second Law of Thermodynamics*. 
By W. J. Macavorn Rankine, F.2.S. 

It has long been established that all the known relations between heat and me- 
chanical energy arc summed up in two laws, called respectively the first law and 
the second law of thermodynamics, viz. :—First Law: Quantities of heat and of 
mechanical energy are convertible, at the rate very nearly of 772 foot-pounds to 
the British unit, or 424 kilogrammetres to the French unit of heat. Second Law: 
The quantity of energy which is converted from one of those forms to the other 
during a given change of dimensions and condition in a given body is the product 
of the absolute temperature into a function of that change and of the kind and 
arrangement of the matter of the body. By absolute temperature is here to be un- 
derstood temperature measured according to a scale so graduated that the tempe- 
rature of a homogeneous body shall vary in the simple proportion of the quantity 
of energy it possesses in the form of sensible or thermometric heat. The laws of 
thermodynamics as here stated are simply the condensed expression of the facts of 
experiment. But they are also capable of being viewed as the consequences of the 
supposition that the condition of bodies which accompanies the _phenomené of 
sensible heat consists in some kind of motion amongst their particles, The first 


* Printod in full in the Philosophical Magazine for October 1865. 
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law would obviously follow from the supposition of any kind of molecular motion 
whatsoever, and it therefore affords of itself no reason for preferring one supposi- 
tion as to the kind of molecular motion which constitutes sensible heat to another. 
But if there be molecular motions in bodies, it is certain that, although all of them 
are capable of conversion into that which constitutes sensible heat, some of them 
are not accompanied by sensible heat. For example, the motion, supposed to be 
vibratory and wave-like, which constitutes radiance, whether visible or invisible, 
is not accompanied by sensible heat, and only produces sensible heat by its absorp- 
tion, that is, in the language of hypothesis, by its conversion into some other kind 
of motion ; while, on the other hand, in the production of radiance sensible heat 
disappears. The object of the paper, then, is to give an elementary proof of the 

roposition (of which the suthor gave an intricate algebraical demonstration in the 

ransactions of the Royal Society of Edinburgh for 1851), that the second law of 
thermodynamics follows from the supposition that sensible heat consists in any kind 
of steady molecular motion within hmited spaces. Steady motion may be defined 
as motion in a set of streams of invariable figure. When steady motion takes place 
in matter that is confined within a limited space, the streams in which the particles 
move must necessarily return into themselves, and be circulating streams, being, in 
that respect, of the nature of whirls or vortices. Steady motion keeps unaltered 
the distribution of the density of the moving matter; and it therefore keeps unaltered 
the forces depending on such distribution whether of the nature of pressure or of 
attraction. In this respect it diflers from unsteady motion, such as vibratory and 
wave-like motion. Supposing that the dimensions of the limited space in which 
the moving matter is enclosed undergo an indefinitely small change by the appli- 
cation of suitable forces, and that after that process the motion becomes steady as 
it was before, then the dimensions and position of each circulating stream will have 
been altered, and the work done in eflecting that alteration will consist of energy 
converted between the forms of potential energy of the applied forces and actual 
energy of the molecular motions—that is, between the forms of mechanical ene 
and heat. Prof. Rankine then works out the problem to this conclusion—that, if 
sensible heat consists in any kind of steady molecular motion within limited spaccs, 
the conversion of energy during any change in the dimensions of such spaces 1s the 
product of the absolute temperature into some function of that change and of the 
sort and distribution of the matter. It is obvious that the steadiness of the sup- 
posed molecular motion is the essential condition which makes the second law of 
thermodynamics deducible from a mechanical hypothesis, and that no kind of un- 
steady motion, such as vibratory or wave-like motion, would lead to the same 
results. If then it be admitted as probable that the phenomena of heat are due to 
unseen molecular motions, it must also be admitted that, while the motions which 
constitute radiance are vibratory and wave-like, the motions which constitute sen- 
sible or thermometric heat must be steady, and like those of circulating streams. 
The function by which the absolute temperature is multiplied in calculating the 
conversion of energy between the mechanical and the thermic forms is the vanation 
of what the author has called the “metamorphic function,” being one term of the 
differential of the “thermodynamic function,” which corresponds to what Prof. 
Clausius calls “ entropy.” 


ELeEctTRICcITyY. ° 


On India-Rubber and Gutta Percha as Insulators for Submarine Telegraphic 
Cables, By W. Farmuatren, F.2.S, 

_ Mr. Fairbairn stated as his opinion that gutta percha, although not so perfect an 
insulator as india-rubber, was nevertheless preferable for deep-sea cables subjected 
to great pressure. He found by experiment that the conductivity of the core was 
improve by gutta-percha insulation under severe pressure to & greater extent 
than by india-rubber or any other insulating material; and he believed it was more 
durable and better calculated to resist the action of salt water at great depths. 


_ 
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Out of a great number of specimens of different kinds of insulators, he found that 
gutta percha, with the exception of Chatterton’s compound, absorbed less water 
under a pressure of 20,000 Ibs. on the square inch than any of the others, and that 
it closed much tighter upon the conducting wires than any of the other materials 
experimented upon. 

As regards the ‘Great Eastern’ ship and the paying-out machinery, he went in her 
from the Nore to Valentia for the purpose of witnessing the behaviour of that vessel, 
and nothing could be more satisiactory than the ‘Great Eastern’ as a submerger. 
Her smooth and easy motion at sea, and the efficiency of the paying-out machinery 
were in every respect calculated to ensure success; and it was much to be regretted 
that this important enterprise had failed from causes over which the parties engaged 
had probably no control. 


On the Change of Form and Colour which the Stratified Discharge assumes 
when a Varied Resistance 1s introduced in the Circuit of an Extended Series 
of the Voltaic Battery. By J. P. Gassiot, V.P.R.S. 


Some months since the author commenced the construction of a voltaic battery, 
consisting of 4000 insulated glass cells, into each of which, in lieu of sulphate of 
copper, a8 used by the late Prof. Daniell, about a tablespoonful of sulphato of 
mercury is introduced ; the elements carbon and amalgamated zinc plates are then 
inserted, and the cells filled with rain-water. In this form of battery the zinc 
plates apparently remain free from local action, and are consequently not oxidized 
or acted upon, except when the circuit is completed. When the battery is in action, 
sulphate of zinc is obtained in solution, and the mercury that 18 set free assists in 
the amalgamation of the zinc plates: the water being so slightly acidulated, and 
the resistance in the carbon plates being so much greater than if this element of 
the battery had been a metal, the amount of chemical action, and that of the elec- 
trical force, is proportionally less than that in the nitric-acid battery ; but the dis- 
charge is constant and regular in a most remarkable degree. For his researches 
upon electric stratified discharges the author has now more than four hundred 
vacuum-tubes, some exhausted by himself, and others by Geissler, of Bonn. In 
one of the latter he obtained certain phenomena which it was the more immediate 
object of this communication to deseribe. The appearances in the tube, with 
discharges from 1200 and 4000 series of the battery taking place, and when the 
resistance of various lengths of a column of distilled water is introduced into the 
circuit, were illustrated by diagrams. The water is contained in a tube half an 
inch in diameter, and three feet long; two wires are introduced into it, one being 
connected with one terminal of ‘the battery, and the other with the vacuum-tube ; 
while by raising or lowering either of the wires the length of the column of water 
remaining in the current is increased or diminished, and in this way the amount of 
resistance can be altered with great facility. When one wire is inserted in the 
water, and the other touches the moistened surface of the glass, but is not in actual 
contact with the water, a luminous discharge will be observed, filling the entire 
tube, without any sign or appearance of stratification. On depressing the wire, and 
thus bringing it into contact with the surface of the water, small crescent-shaped 
disks of red fight are observed to be rapidly produced in quick succession from the 
positive pole. On shortening the resistance My further depression of the wire, the 

isks commence receding, one by one disappearing at the positive terminal, until 
nineteen remain, much increased in brilliancy and definition. From this condition 
of the discharge a remarkable change takes place on further depressing the wire and 
reducing the resistance; the two disks nearest the negative terminal join together, 
assuming the form of a double-convex lens, the side facing the negative being of a 
slightly blue tinge, that towards the positive of a reddish fawn, and the centre a Lril- 
liant red colour. At the instant this change of form and colour takes place in the two 
disks, another crescent-shaped disk simultaneously appears at the positive terminal ; 
and as the depression of the wire in the water is continued, each of the two disks 
nearest the negative terminal will successively join, and assume the double-convex 
form describe , at every such change another crescent-shaped disk simultaneously ° 
appearing. When the circuit is completed without any resistance of water being 
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introduced in the current, all the nineteen strisa assume the double-convex form, 
the blue being far more intense or vivid, particularly in those nearest the negative, 
the red line in the centre continuing in all. In this state of the discharge the 
tube was placed between the poles of a very powerful electro-magnet ; and on 
exciting the magnet the disks separated, precisely as if a resistance had been intro- 
duced, but deflected to the upper or lower part of the tube, according to the 
direction of the magnetic power. On the sides of the tube, where four or five of 
the disks nearest the negative impinge, there at present remains a black deposit 
similar to that deposited from the negative metallic wires by an induction-coil. 
As much heat is evolved at the negative wire, and until the author obtains an- 
other tube which will exhibit the same resulta he does not like to risk ita destruc- 
tion, he is thus prevented from continuing the experiment to the extent he desires : 
but if it is found that a deposit can be obtained at defined portions of the 
stratified discharge, it may probably assist in explaining phenomena which haye 
hitherto batiied the researches of every electrician. 


On a New Method, introduced by Messra. Siemens, for the Measurement of 
Electrical Resistances, By R. Santne. 


The insulation of submarine-telegraph cables was, until the Red-Sca and Indian 
lines were submerged, in 1859, determined qualitatively by the simple deflection of a 
galvanometer-needle. The manufacture of the core of the Malta cable, with the 
scrupulous surveillance of its electrical conditions, formed an era in cable-work ; 
and Messrs. Siemens, who were intrusted by the Government with the duties of 
electricians to the cable, may be said to have then first established with success the 
science of cable-testing. After various improved plans, the Measrs. Siemens intro- 
duced, in 1860, for cable-work, a differential galvanometer with two coils, one of 
which exerted two thousand times as much deflective force upon the needle as the 
other. The cable and the measuring-battery were inserted in the circuit of the 
larger helix, and a single element with a set of resistance-coils in that of the less 
sensitive helix of the instrument. The resistance in the latter circuit was altered 
until the magnetic forces of the two currents upon the needle were equal and oppo- 
site and the pointer rested over the zero-line of the card. The manipulation was 
simple, and the neceasary calculations reduced to the mere multiplication of the 
value of the resistance in the smaller circuit by the constant of sensibility and the 
relation of the electromotive forces. Qn the fitting out of the Carthagena cable 
it was considered desirable in measurements of insulation to dispense with mathe- 
matical reductions, and to read off the resistances directly from the instrument. It 
is easily understood that, to establish an equilibrium between the magnetic forces 
of two coils of a differcntial galvanometer, it ia not absolutely necessary to alter 
the currents in either of the circuits; the same may be attained by altering the re- 
lative distances of the coils from the needle. This is the principle upon which the 
new differential galvanometer, forming the subject of this communication, was 

1. The mechanical construction of the instrument is very simple. A pair of 
astatic needles are suspended by a fibre of unspun silk between about 10,000 turns 
of a long, thin, well-insulated copper wire, their position being indicated by an 
aluminium pointer fixed across their axis, moving over a dial-card and observed 
through a magnifying-glass. Outside the case of the instrument is a horizontal 
metal stage, upon which a vertical coil of insulated copper wire is moved to and 
from the instrument by means of a micrometer screw. Tho theory of the method 
of this instrument and its use in testing cable resistances is this :—Two galvanic 
currents circulate in the two coils—the stationary and the moveable—in oppo- 
site directions, and will oppose each other in their effects upon the needle, which 
will take up a position at an angle less than that which it would if the stronger 
coil were alone active. By altering the position of one of the coils a point is 
reached where the deflective force of one coil is made to exactly counter ce 
the force of the other, and the needle returns to zero. To measure the resistance 
of a cable with this instrument, then, nothing more is neceasary than to put it in 
the circuit of the larger coil and to vary, by means of the micrometer-screw, the 
position of the moveable coil until equilibrium is obtained. The distance is then 
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read off, and a table prepared beforehand supplies the corresponding resistance in 
units. In this way, during the paying out of a cable, the state of the line can at 
any time be known without expending time in calculating the observations, 


On some New Arrangements of the Poles of Magnets. By Capt. Setwyn. 


The author described a method by which magnets may be made of which both 
ends possess north polarity or south polarity at will; and under these circumstances 
the place of both the south or both the north poles will be found in close juxtapo- 
sition in the centre of the bar. The process by which these effects are produced 
is to take out the temper of the bar, at any point where it is desired the two poles 
shall be in proximity, by a rod of heated metal or by the blowpipe. This opera- 
tion, while seemingly eaving the bar intact, has separated the two magnets, 
though the ends will still be respectively north and south poles. If now the north 
pole of a strong magnet be used and drawn from the centre of the bar towards the 
north end of the prepared needle, the polarity of that half will be reversed without 
affecting the other end, and by a series of careful touches both ends will become 
equally balanced south poles, as in a specimen exhibited to the Section. Ifthe bar 
has been softened in more than one place, a series of magnets may be produced in 
the same piece of steel with similar or dissimilar poles in juxtaposition. 

Capt. Selwyn also exhibited and described to the Section a new form of horizontal 
galvanometer, compensated by the introduction of a natural fixed magnet, in addi- 
tion to the moveable one which is deflected by the current of electricity in these 
instruments. This is kept at zero by the attraction of the first, and its force is 
exerted in opposition to that of the current of electricity, and in a similar ratio, 


METEOROLOGY. 


Remarks upon Aérial Navigation, suggested by Mr. GuatsHer’s late Balloon 
Ascents, By ¥. W. Brearey. 


Mr. Brearey, alluding to the important observations of Mr. Glaisher, remarked 
that he had only been creéping along the borders of a vast immensity of which we 
know almost nothing. 

Now that public attention was directed to these scientific efforts, and that the 
balloon was becoming more than a toy, he would at once propose the formation of 
@ society, to be supported by subscriptions and donations, by which experiments 
could be conducted in its own grounds, and with its own apparatus, for the further- 
ance of investigations in aérology and aérial locomotion. 

After pointing out the requirements of aéronauts for locomotive purposes, 
Mr. Brearey suggested, with the object of saving gas and ballast, that a man might 
raise himself in the air by a mechanical appliance attached to a balloon inflated only 
to such an extent as would give him buoyancy. The downward blow of paddles 
made of bamboo and silk, if returning feathered for each succeeding stroke, would 
enable him to effect this, and also to keep a low elevation, go with the wind, 
ascend and descend at pleasure, find different currents, and save his gas for future | 


It would, moreover, comply with the conditions insisted upon by late writers on 
sbronautics, viz. ‘‘ that, to contend with the air, one must be specifically heavier 
the air.” . 


On the Great Storm of December 1864, on the Coast of the Peninsula. 
By J. B. Cargxzo. 


On the Heat attained by the Moon under Solar Radiation. 
By J. Panx Harrison, M.A. 


180 the assumption that the moon’s crust is constituted geologically like the earth, 
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different parts of her surface would not attain the same degree of heat. Nearly 
two-thirds of the hemisphere turned towards us is honeycombed with gigantic 
craters, and covered with the débris of stupendous volcanic eruptions, the region in 
which Tycho is situated forming principal part of the whole extent, and bein 
conspicuous to the naked eye from its superior brightness. That region should 
therefore absorb less heat in proportion to its reflecting properties. On the other 
hand, the dark surfaces of the moon would absorb and radiate heat in the inverse 
ratio to their non-reflecting pro ies. The above facts must be borne in mind in 
considering the question of the heat attained by the moon at the periods of oppo- 
sition and quadrature. In addition to this, though the whole surface of the moon 
is exposed in turn for from about thirteen to rather more than sixteen days to the 
solar rays, in speaking of the heat which our satellite attains it must not be con- 
sidered that equal surfaces illuminated—e. g., at the first and third quarters—are 

heated because so illuminated, or without reference to the duration of the sun’s 
radiation upon them. On the contrary, at the day of first quarter, the region of the 
moon which has received the rays of the sun for a mean period of rather more than 
four days, after being subjected to the most intense cold during the moon's long 
-night, has been but very little warmed up to the completion of the first quarter ; 
the region site the earth having received the heat of the sun’s rays for only 
about four-an twenty hours—a period manifestly insufficient for any surplus heat 
to have been absorbed, even if the region had been favourable for storing radiant 
heat. At the period of last quarter, on the other hand, the surface illuminated 
will have been heated thrice as long as at the first quarter, namely, for a mean 
duration of eleven days; and not only so, but at the time when the moon com- 
pletes her third or “ last quarter,” a similar surface to that at first quarter will have 
received the heat of the sun’s rays for 360 in place of 24 hours,—with this additional 
peculiarity, that the surface generally will be a good absorber of heat. The heat 
of the moon at the last quarter might, on like grounds, be shown to be greater, or 
certainly not less, than at the full. It will be sufficient, however, to point out that 
the portion of the moon’s fully-illuminated hemisphere opposite to us, and which 
Yadiates heat directly towards the earth, is not heated so intensely at the full as at 
the last quarter, or for a day or so after that phase; the ratio in favour of the 
latter period being nearly two to one, whilst the ratio in favour of the last quarter, 
compared with a corresponding region in the first quarter, is rather more than 
fifteen to one; the measure being the duration of solar radiation, without reference 
to the dark or light surfaces on which it falls. 

The author exhibited a curve of the mean temperature at Greenwich for fifty 
years*, showing that the period of the greatest heat of the lunar surface synchro- 
nized with the period of greatest [average] monthly cold in the terrestrial atmo- 
sphere, and conversely. 


On the Self-Registering Barometer at the Liverpool Observatory. 
By Aurrep Kine, M.I.C.E. 


The increased attention given of late to meteorological observations has naturally 
created a demand for instruments, which, by their own action, shall produce a 
permanent record of the various phenomena of our atmosphere. Photography 
‘ requires considerable skill in the manipulation, and a more direct and simple mode 
of self-registration is therefore in some cases a desideratum. The instrument de- 
scribed in this paper is a floating barometer, constructed by Mr. King, since the 
exhibition of the first trial instrument at a former Meeting of the British Associa- 
tion in 1854. In the ordinary barometer the variations in the atmospheric pres- 
sure are indicated by the varying height of a column of mercury within a tube ; in 
this floating barometer they are made evident by the movements of the tube itself, 
which is counterpoised by a weight, say at 29 inches. If by the increase in atmo- 
spheric pressure the length of the column of mercury in it is increased to 30 
inches, it is evident the equilibrium -will be destroyed, and the weight of the 
additional irich of mercury will cause the tube to descend. If, on the other hand, 
the pressure is reduced to 28 inches, one inch of mercury in the column will be lost, 


"© See curve for 43 years, Report 1869. 
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and the tube will rise. The indications of the instrument being 
motion of the suspended tube, by the contrivance of a partially i 
float surrounding its lower end, the displacement of a corres nding -mer= 
cury in the cistern compensates for the gain or loss of weight in the tube. The 
range of the index is determined by the proportion which the area of this float 
bears to that of the tube. The tube at the Observatory is 8 inches in diameter, and 
the range 5} times that of the ordinary barometer. 


On an Anemometer for the Registration of Cyclones or other Tropical Hurri- 
canes. By A. Foutert Oster, F.R.S. | 


The anemometers erected in this country, though capable of registering the 
storms of these latitudes, are not found equal to withstanding the force of a tropical 
hurricane. To strengthen the parts sufficiently would cause them to be too ponderous: 
the momentum obtained by so much additional matter put in rapid motion would 
produce fallacious results. In the instrument proposed, of which models of the 
various parts were exhibited, the pressure-plate is not exposed to the direct action 
of the wind, but is placed in a horizontal position in a circular box, somewhat re- 
sembling the form of a cheese, which being edgewise to the current offers much 
less resistance to the force of the hurricane. A long flat aperture near the bottom 
of the box is kept facing the wind by means of a vane, and the horizontal pressure- 
plate, which is carried by strong springs, has an air-tight diaphragm round it con- 
necting it with the inside of the box; the force of the air entering by the long aper- 
tures and thus impounded in the box, is measured by the amount of motion commu- 
nicated to the plate, and is recorded by a simple contrivance which is connected b 
a wire with the pressure plate, and dots off the maximum and minimum force of eac 
gust either on plain paper or, as recommended by Mr. Osler, on double sheets with 
carbon paper between, so as to obtain duplicate records, the paper being carried for- 
ward in the usual way by means of a clock. The trouble and uncertainty of pencils 
for recording the force of the wind is, by this plan of dotting, entirely removed ; 
the point which makes the dot moves without touching the paper, and is brought 
down by a double knee-joint to make the dot only when the maximum or minimum 
pressure has been attained. 

The direction of the wind is at the same time recorded by connecting with the 
vane two endless crank or bell chains, carried by two pulleys, the centres of which 
are placed at a distance from one another equal to the range that may be desired 
for making the record; to these chains, which work parallel to one another, the 
recording pencils or styles are attached: the movement is simple, and not easily 
deranged Mr. Osler also exhibited a model of a small portable observatory 
arranged for this instrument; it is circular, about seven feet high, and tapering 
from three feet six inches in diameter at the bottom to three feet at the top, an 
divided perpendicularly into four parts for portability. A strong iron hoop fits 
over each end, to which iron rods are fixed as guys, stretching out in four directions 
to iron or wood posts let firmly into the ground. The principal advantage of this 
construction consists in its capability of being temporarily but securely fixed in any 
situation that may be desirable for special ancmometrical observations. 


On the Anomalies of our Climate. By T. L. Prant. 


In this paper the author pointed out the extremes which had come under his 
observation in Birmingham during twenty-nine years, 1. e. from 1836 to 1864. 


On the Meteorology of Birmingham. By D. Surrs. 


The results given in this paper were deduced from observations extending over 
ely, 


a period of twelve years, namely, from 1853 to 1864 inclusive, and as far as could 
be the records thus obtained were compared with the results of the medical inspec- 
tions of the borough. The weekly Returns of the Registrar-General of Births and 
Deatha, and the meteorological returns of eleven large towns by Mr. Glaisher, which 
accompany it, reveal facts of the highest interest, affording, as they do, a compari- 
son of death-rates with temperature. But the author considered there ye yet re~ 
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quired in every large town, especially in Birmingham itself, the population of which 
is increasing at the rate of about 5000 yearly, a distinct record of the new cases of 
disease, the nature of the localities in which they have occurred, and the condi- 
tions of atmosphere under which they have been formed. The principal local results 
obtained are—Mean atmospheric pressure (reduced to sea-level), 29-058 inches ; 
mean temperature, 47°°6; the highest temperature, 89°:2 ; the lowest mean, —2°-5; 
mean yearly rainfall, 27‘901 inches; greatest fall, 35:16; least, 21:21; mean num- 
ber of days on which rain fell, 176. 


Description of the Magnetic Storm of the Beginning of August 1865, as re- 
corded by the Self-recording Magnetographs at the Kew and Lisbon Obser- 
vatories. By J. B. Caretzio and B. Srewaat, F.RS. 


The great magnetic storm which broke out about the beginning of August last 
will be remembered as occurring at the time when anxiety began to be felt reepect- 
ing the fate of the Atlantic cable. The following are the general charactenstics 
of that storm, and apply both to Kew and Lisbon, since these two places were 
similarly affected by the storm. It first commenced about 5.40 p.m. (G. M. T.) of 
the ond of August; but it broke out with great violence, and with those rapid 
motions which form the mark of a disturbance, about 5 a.m. of the 3rd of 
August, and this outbreak lasted until midnight of that day or early morning of 
the 4th of August. The disturbance then ceased for about twenty-four hours, re- 
commencing a little before midnight of the 4th of August, and lasting till about 
4 p.m. of the next day. There remained, however, traces of the disturbance for a 
considerable time after this date. There were thus two great outbreaks forming 
this storm, the first commencing on the 2nd of August at 5.40 p.m., or more notably 
on the 3rd of August, at 5 a.m., and lasting till early morning of the 4th of August, 
the second commencing about 11 p.m. of the 4th of August and lasting till 4 p.m. 
of the 6th of August. With regard to the first of these two outbreaks, from about 
5 a.m. until 11 a.m. on the 3rd of August the horizontal and vertical components of 
the magnetic force were both considerably decreased by it, while in the afternoon of 
the same day they were both, but especially the vertical-force component, consi- 
derably increased. The westerly declination, on the other hand, was, on an average, 
increased during the greater part of this outbreak, although towards the end it was 

robably diminished. Broadly viewed, this disturbance may be said tu have 
un with a tendency to diminish both components of the force and to increase 
the westerly declination, and to have ended with a tendency to increase both com- 
ponents, but especially the vertical force. On the whole, the effect of the dis- 
turbance was, probably, to diminish both components of the force, and to increase 
the declination. With regard to the second of the two outbreaks which together 
constituted this storm, it began by diminishing both components of the force, if 
we except a comparatively small increase of horizontal force at the very com- 
mencement, and ended by slightly increasing both components at Kew. With 
respect to the westerly declination, this element was at first somewhat diminished, 
but it was ultimately increased by this disturbance. Broadly viewed, the charac- 
teristics of this second outbreak were similar to those of the first, exhibiting a 
tendency to diminish both components of force, and alightly to increase the decli- 
nation. In comparing the storm with the greater one of August-September 1859, 
as registered at Kew, we find the following points of resemblance:—1. Both 
storms consisted of two separate outbreaks, and both the outbreaks of both the 
storms began during the hours of night or early morning. Thus we have— 


Storm of Aug.—Sept. 1859. Storm of August 1865. 
Ist Outbresk ...... 28 Aug. 103 p.m. Ist Outbreak ...... 3 Aug. 5 am. 
2nd do. ws... 2Sept. 5 am. 2nd dow —aseeee 4 Aug. 11 Pim. 


—2. Both outbreaks of both storms tended at first to diminish both components 
of the force, and to increase the westerly declination, but changed in the afternoon 
of next day into forces tending rather to increase both components. This is a 
very good instance of the influence (proved to exist by Gen. Sabine) of the hour 
of the day upon the character of the disturbance. Thus we see that in all these 
cases we have, in the early morning hours, a diminution of both components of the 
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force, while in the afternoon hours we have an increase of those components. 
8. Both outbreaks of both storms tended, on the whole, to diminish both com- 
ponents of the force, and to increase the westerly declination,—a somewhat uncom- 
mon type of disturbance. 4. Both these storms were accompanied by phenomena 
on the surface of the sun which are worthy of notice. At the time of the occur- 
rence of the great disturbance of August-September 1859, a very large spot might 
have been observed on the disk of our luminary, and several of a size somewhat 
smaller. Considerable changes were taking place in the appearance of these spots, 
and, moreover, a luminous body was observed, by Carrington and Hodgson inde- 

ndently, to move across the large spot at the very moment when the magnetic 
Fiaturbance broke out at Kew. Onthe 29th of July, 1865, there was no spot or 
almost none on the sun’s disc; but on the 3rd of August there was a very consider- 
able spot on the right limb, nearly going off. The only pictures obtained at Kew 
were on these days, and it is clear from these that this spot must have rapidl 
formed between July 20 and August 3, on the right half of the solar disk. it 
would, of course, be premature to conclude that certain changes going on in the 
sun cause, or even invariably accompany, terrestrial magnetic storms; but there 
can be no impropriety in stating facts which may possibly serve to establish some 
future generalization. 


An Improved Standard Barometer. By W. Symons. 

At the Newcastle Meeting of the Association, the author exhibited a Standard 
Barometer combining the advantages of Fortin’s and Gay-Lussac’s instruments. 
The objection that the contraction and bending of the tube necessary in the 
arrangement for making that instrument portable impaired its sensitiveness, has 
been entirely removed in this improved one. The foeili ity of reading is also in- 


HYpROSsTarTIcs. 


On the Hydrometer and its Adaptation to the present requirements of the 
Board of Inland Revenue. By L. Orrtiine. 


In this paper the means adopted for levying the duty upon spirits in the Revenue 
departments were considered, and attention called to the shortcomings of the present 
method. The instrument now used is Sikes’s hydrometer, accompanied by Sikes’s 
tables. It was distinctly pointed out that the instrument and the tables had been 
constructed upon different formule, and were not in harmony, and that, further, 
there were defects in the actual form of that hydrometer, causing considerable 
amounts of error in the estimation of the strength of the spirits tested by it. 


INSTRUMENTS. 
On a Self-recording Anemometer. By 8, B. How err. ' 


On the Topograph, a new Surveying Instrument By Captain Leyvy. 


The topograph may be used— 
1, As a prismatic compass alone ; 
2. Asa plane table alone with its sight ruler ; ; 
3. is a plane table and a compass, combined to facilitate the finding of sta- 
ions. 

It es the great advantage that it may be employed without any alteration, 
simultaneously or successively, as 4 plane table or a compass, when in the same sur- 
vey we pass from undulating ground to open country, and rice versd. In all cases, 
we need no scales, no pai of compasses, and no protractor, the machine itself pro- 
tracting the angles and lay ying down distances at the scale. 
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Again, the topograph may be used— 
a As a level; 
2. As a clinometer, to obtain angles of elevation or depression, to find the dif- 
ference of altitudes of two stations, and to lay down contours. 

The object of the topograph is to enable anyone, however unacquainted he ma 
be with mathematics, to become in a few minutes capable of surveying @ , 
sketching a country, finding the heights of buildings an mountains, &e. ; to enable 
those who already possess a Inowledge of surveying to survey almost as rapidly as 
they walk ; finally, to enable those who are acquainted with geometry to represent 
with accuracy the features of the ground in whatever districts they may find them- 
selves, It is manufactured by Mr. Adie, 395 Strand. 


On an Instrument by which any Rainbow that can possibly appear within the 
area of any picture, may be indicated in its right place and of the true size. 
By Cornetius VaRLey. 


CHEMISTRY. 


Address by Professor W. A. Mrzurr, V.D., LL.D., Treas. § V.P.RS., P.CS., 
President of the Section. 


INTERESTING historical associations are naturally awakened in the mind of the 
chemist as he enters upon the business of this section of our scientific gathering in 
the town whose hospitalities we are now sharing; for he is reminded that on the Ist 
of August 1774, only ninety-one years ago, Priestley laid, at Birmingham, the 
foundation of modern chemistry, by the discovery of OxYGEN. 

Yet it seems difficult to realize the fact that there must be some still living, who 
entered life when the chemical nature of the atmosphere was undiscovered, when 
water was believed to be an elementary substance, when the composition of the 
ordinary acids, nitric, hydrochloric, and acetic, was unknown, when the discoveries 
of Galvani had not been made, and when the battery which perpetuates the name 
of Volta did not exist. ; 

It requires a considerable mental effort to estimate aright the extraordinary 
progress which chemistry, both in its scientific and in its practical aspect, has made 
since that day. 

For example, the development of the laws of combination—the determination of 
the equivalent proportions of the elementary bodies—the art of chemical analyais— 
the Atomic theory—the isolation of potassium, with the consequent discovery of the 
compound nature of the alkalies and earths—and the marvellous develo ments of 
the organic department of chemistry, exhibit some of the most striking points in thé 
progress of the science ; whilst in the chemical arts we may mention gas-lighting— 
the manufacture of stearic acid and other fatty acids for candles—the in ustry of 
petroleum and paraffin—the chemical process of bleaching by chlorine—the prepara- 
tion of carbonate of soda from cémmon salt, and the extensive alkali t de. The 
discovery of iodine and bromine, and their varied applications as remedial agents 
and otherwise—the fascinating processes of photography—the development of the 
trade in beet-root sugar—the extraction of quinia, morphia, and all the vegetable 
bases,—these and other processes of chemical manufacture too numerous to men- 
tion are all subsequent to, and may be said to be in nearly every case consequent 
on, the great discovery of oxygen. . 

‘ell may we sympathize, now, in the sanguine anticipations of Priestley himself, 
expressed in the preface to the volume in which this discovery is reco ed, ‘ Ex- 
periments and Observations on different Kinds of Air,’ vol. ii. p- vil :—“'In reality, this 
1s not now a business of air only, as it was at the first; but appears to be of much 
greater magnitude and extent, so as to diffuse light upon the most general principles of 
natural knowledge, and ially those about which chemistry is particularly con- 
versant. And it will not be now thought very assuming to say, that, by working 

1 a tub of water, or a basin of quicksilver, we may perhaps discover principles of 
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more extensive influence than even that of gravity itself, the discovery of which, in’ 
ita full extent, contributed so much to immortalize the name of Newton.” 

But it is not alone with the name of Priestley that we associate the progress of 
chemistry in Birmingham. Grouped around the father of pneumatic chemistry were 
several remarkable men who then either resided at Birmingham or frequently met 
there, including Matthew Boulton, James Keir, Dr. Withering, Dr. Darwin, and, 
foremost of them all, James Watt, who here diversified his engineering labours with 
his famous investigations into the composition of water. It was at the factory at 
Soho, too, that Murdoch made the first great experiment on gas-lighting, at the 
illuminations for the short-lived peace of Amiens; and it was in Birmingham 
that Dr. Roebuck, in the middle of the last century, erected the first leaden cham- 
ber for the making of sulphuric acid, and thereby inaugurated the most important 
of the chemical manufactures of this country. 

Nor has Birmingham failed in more modern times to maintain her reputation in 
connexion with the chemical arts. Here, twenty-five years ago, Elkington founded 
the first establishment, in this country, for carrying out the processes of electro- 
plating and electro-gilding. Here Askin made the nickel of commerce, with its 
companion metal, cobalt, as oxide—articles that might vie in purity with the pro- 
ducts of the laboratory. Here Chance has established a manufactory of optical 
glass, which specially calls for acknowledgment on the part of the student of 
science ; and here Sturge and Albright have erected the only manufactory for red 
phosphorus which the country contains. 

Vast as is the modern development of experimental science, it yet cannot excite 
much surprise that, with the exception of that portion which falls within the 
domain of the mathematician, science until recently has been systematically ex- 
cluded from the general course of education, and has been followed in the majority 
of instances by those only who commenced its study for professional objects, Yet 
can we wonder at this, when we remember that the science of chemistry and many 
entire branches of experimental physics, including voltaic electricity, electro- 
magnetism, thermo-electricity, the phenomena of polarized light, of photo- 
chemical action, radiant heat, and others, are, as already stated, leas than a century 
old? But the great strides that they have made in that interval, the social changes 
that they have introduced, and the additional powers that they have conferred 
upon man will vindicate their importance as necessary branches of knowledge to be 
acquired ; whilst the more just appreciation of the methods of investigation which 
they pursue will establish their claim to be regarded as instruments in training the 
mind, and shaping the intellectual development of the future. 

Those whose education was based upon the linguistic system almost exclu- 
sively, as was the case both before and after Priestley’s time, could not be ex- 
pected to realize the magnitude and true bearing of the power of science, 
and its educational value. Now, however, the case is altered; and it is a 
subject for congratulation to reflecting men, that the introduction of the scien- 
tific element into the ordinary course adopted at our public schools is at length 
attracting serious attention, and that its importance has been insisted on in both 
Houses of the Legislature. The practical instinct of the nation is becoming alive to 
the necessity of making certain portions of the training of our youth consist in the 
aystematic study of the elementary parts of properly selected branches of science ; 
and it behoves all who are themselves engaged in the purauit of science to consider 
in what way they can themselves aid in forwarding this object. _ 

I need not here advert to the exploded notion, that the acquisition of the truths 
of science can in anywise endanger those of revelation ; for truth is ever consistent. 
But it may not be superfluous to reassure the minds of some who imagine that 
science, like a fresh invasion of Vandals, will extinguish scholarship and classical 
learning. must indeed ever form the basis of our system of education ; 
for it is the key that unlocks the stores of knowledge; and no languages are 80 
fitting to form the groundwork as the tongues of ancient Greece and Home, 
irrespective of the treasures of philosophy, eloquence, poetry, and history which 
they contain. They have that iAtellectual, finish and completeness which belongs 
only partially to science, A moderate amount of classical knowledge can bey as 
indeed it ought to be, attained by every so-called educated mind, while for 


24, REPORT—1865. 


who would carry the critical faculty to a high state of cultivation, the study of 
the classics affords the means. These tongues constitute the basis of many of the 
modern European lan ; and an acquaintance with their literature imparts a 
cultivation and a polish that it is almost vain to seek from any other source. Just 
as some minds seek to attain distinction in the wide domain of philology, other 
minds, as vigorous, though differently constituted, delight in the study of natural 
laws and affinities, It would be a hard thing to say that provision should not be 
made in our schools for the latter, as wide and liberal. as it has been for the former. 

It is not to be supposed that, because science is to form a part of the education 
of every gentleman, therefore it will constitute the pursuit of his mature years. 
What is needed is that he possess sufficient knowledge of its principles to qualify 
him to appreciate the advances which science is making, and to enable him to con- 
tribute intelligently towards its progress. 

It is certain that if science is to form a useful portion of the education of a boy, 

it must be undertaken with the determination to deal with it as a matter of study: 
the same pains must be taken to ascertain that each boy understands the principle, 
for example, of the air-pump, or the meaning of the thermometric scale, as that he 
comprehends a rule in syntax or the analysis of a sentence. To do this, however, the 
instruction given must not be limited to a dry lecture on the principles of some branch 
of science oncea week. These principles must be logically unfolded, and illustrated, 
when necessary, by experiments, and the structure of machines and apparatus ex- 
plained by suitable diagrams; the boys must be taught to take notes of each lecture ; 
and the ground covered must be made secure by following up the lectures with fre- 
quent examinations, both oral and written. These are as necessary to the successful 
study of a science as the writing of exercises, or the practice of construing, is to the 
accurate study of a language. Science is not merely to supply her facts; she is to 
be employed to develope the powers of the mind, and to discipline them for action. 
Hence it is of far more importance to instil principles, and to cultivate precision in 
observation, in thought, and in description, than it is to load the memory with mere 
facts, however valuable. In short, the system of cramming is to be eschewed, whilst 
the formation of habits of comparing, reasoning, and judging is to be encouraged in 
every way. 
It may at first be difficult to mect with well-trained and competent teachers; but 
when once the want of instruction in science is proclaimed, the teachers will soon 
be forthcoming. Some years will, no doubt, elapse ere science is admitted to take 
equal rank, as a means of education, with the study of classical literature. Still it 
is but a question of time; and we cannot but hope that our Universities, following 
up the commencement which the youngest but not the least active amongst them, 
the University of F.ondon, has made in the establishment of Degrees in Science 
—we cannot but hope, I say, that the heads of our Universities will ere long feel it 
to be their duty, as unquestionably it will be their wisdom, to place themselves at 
the head of this new movement, which is destined to exercise 80 wide an influence 
upon the education of our people. 

But it is time that we proceed to take a rapid survey of some of the principal 
points in the progresa of chemistry during the last twelve months. The course of 
chemical discovery since our Meeting last year, though not marked by any very 
etriking novelty, has nevertheless been steadily advancing. Ideas previously 
thrown out have been discussed and developed ; and many of them are Teading to 
new discoveries, or are being applied to explain phenomena before wrapped in 
obscurity. 

Amongst the problems which have, for some time past, been engaging the minds 
of philosophical chemists, few are of greater interest than those connected with the 
idea of the atomicity of the clements. It is well known that chemists now 
distinguish between the afomtc eight and the equivalent of an element; also that, 
owing to the labours of many distinguished men, amongst whom the names of 
W illiamson, Kekulé, Odling, Cannizzaro, and Wurtz are the most prominent, 8 
classification of the elements into families has been made ; and that this classification 
rests upon what is known as the atomictty of the elements. One group of the ele- 
ments, like potassium and chlorine, is regarded as monatomic, or usually equivalent 
in functions to one atom of hydrogen ; a second, like oxygen and sulphur, is diatomic, 
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or equivalent in functions to two atoms of hydrogen ; a third group, like nitrogen, 
phosphorus, and arsenic, is triatomic, or equivalent for the most part to three 
atoms of hydrogen; while a fourth group, like carbon and silicon, is tetratomic, or 
equivalent in functions to four atoms of hydrogen, and go on. 

It would lead us too much into detail were I to attempt to show how this idea 
of the atomicity of the elements has been applied, and is still in process of applica- 
tion, to the study of the formation of compounds in general, how it endeavours 
to explain the existence of a limit to their number, and how it even teaches us to 
anticipate their possible varieties. 

Among the subjects connected with its development is its bearing upon tsome- 
resm, or the remarkable fact of the existence in many cases of two or more bodies of 
different properties but vet composed of the same elements combincd in identically 
the same proportions. Upon this subject, which, at our last Meeting, was charac- 
terized by Dr. Odling as the chemical problem of the day, a suggestive theoretical 
paper was published, about twelve months ago, by Dr. Crum Brown; whilst, in the 
same direction, Cahours, Kekulé, Beilstein, Fittig, and several other chemista have 
published valuable experimental researches. Inquiries of this kind are now 
acquiring special importance from the numerous cases of the formation of such 
isomeric bodies by the methods of synthesis and substitution, which are daily 
multiplying. 

Closely connected with the samo subject are the investigations into the consti- 
tution of. the more complex organic acids, which have been prosecuted so actively 
during the last five or six years, and which, in the hands of Kolbe, Franklan 
Perkin and Duppa, Kekulé, Wurtz, and their pupils, have made such rapid 


ro 

P Daring the past year Frankland and Duppa have especially signalized themselves 
by their researches upon the lactic and the acrylic scries. Two years ago, Frank- 
land, commencing with oxalic ether, and acting upon it with zinc ethyl, obtained 
from it leucic ether by substituting cthyl for a portion of the oxygen contained in 
the oxalic ether; and afterwards, conjointl with his friend Duppa, he bas genera- 
lized this reaction. Still more recently, these chemista have traced the connexion 
between the lactic and the acrylic or oleic series, by reactions in which the abstraction 
of the elements of an atom of water from the basylous portion of a member of the 
lactic group converts it into the corresponding member of the acrylic series. These 
relations will be readily understood by representing the different compounds by 
symbols, as follows :— 


Oxalie acid. Leucic acid. 
es ee _——— 
(1) H,6,0,+(6, H,),—O=H, HE, (6, H,), 95. 
Leucic or ‘ 
diethoxalic acid. Ethylcrotonic acid. 


9 "0. 
(7) H, G, (6, H,),0,—-H, O=H, €, (G, H,) (€, H,)" 9,, 


In these and kindred investigations, the necessity for the introduction of fixed 
principles of nomenclature for regulating the construction of names for the recently 
viscovered compounds has been sensibly felt; and indeed the changes in notation 
rendered necessary by the alteration in the values assigned to the atomic weights 
of many of the chemical elements have rendered a general revision of the system 
of chemical nomenclature a matter of pressing importance. Probably few subjects 
could more usefully occupy a portion of the time of this Section during the ensuing 
week than a thoughtful consideration of the changes which it may be expedient to 
introduce. The meeting of chemists from various parts of Europe with many from 
distant parts of our own country affords an excellent opportunity for discuesing a 
subject of this kind, where any conclusions, to be practically effective, must secure 
the concurrence of a majority of the active cultivators of the science. 

Did time permit, it would be easy to mention other investigations in the organic 
department of chemistry, scarcely less interesting than those already alluded to, 
such as those on the synthesis of the aromatic acids by Kekulé, who has pre- 
pared both benzoic and toluic acid by the graduated action of sodium on an 


26 REPORT—1865. 


ethereal solution of bromo-benzol, and of bromo-toluol whilst submitted to a 
current of carbonic anhydride, as, for instance, may be explained by the 
equation— 


Bromobenzol. Sodic benzoate. 
—— aia 
G, H, Br+Na,+CG0,=Na G, H, (G O,)-+Na Br, 


or such as those of Maxwell Simpson and of Baeyer on the artificial formation 
of tribasic acids; aud, referring to methods of research, stress might be laid on the 
important aid afforded by the extended use of the amalgam of sodium as a redu- 
cing agent, and on the similar but still more remarkable reducing-effects of hy- 
driodic acid,—processes, indeed, not new, but the value of which till quite recently 
has only been partially recognized. | 

Passing allusion only can now be made to some of the processes of mineral and 
metallurgic chemistry, such as the improvements in the details of the process for 
preparing magnesium, the comparative facility with which the recently Riscovered 
metals thallium, rubidium, and c#sium and their compounds may be obtained, 
and the application by Redtenbacher of his observation of the sparing solubility of 
their alums to the extraction of the new alkalies from the lithium residues of com- 
merce. Of indium, too, the latest of the newly discovered metals revealed by the 
spectrum, it must suffice to say that it has been obtained in quantity which places 
its existence as a distinct metal beyond question. I am indebted to my friend 
¥ rofessor Roscoe for the small specimens of the metal and its sulphide now upon 
the table. 

An extensive branch of industry is now springing up in the improved methods of 
voltaic deposition of the metals. Weil has, by the use of an alkaline solution of 
tartrate of copper, contrived to coat iron and steel with a tough closely adherent 
sheathing of copper, by simply suspending the articles to be coated by means of a 
wire of zinc in the metallic bath. No battery is required. Lead and tin may in a 
similar manner be deposited on copper, iron, or steel, if the oxide of tin or of lead 
be dissolved in a bath of strong solution of caustic soda. 

I must, before I conclude, advert to one or two interesting additions to our 
knowledge upon the side where chemistry and physics meet. Few results, perhaps, 
were more unexpected than those obtained by Deville and Troost upon the per 
meability to gases of certain dense metals at elevated temperatures. They have 
proved that platinum and iron, when white-hot, become for the time porous, and arp 
rapidly permeated by hydrogen, which will even pass out under the pressure of the 
atmosphere and leave a vacuum almost perfect within the tube. one form of 
these experiments, tubes of hammered and of cast platinum (which in one case was 
as much as a twelfth of an inch in thickness) were fitted by means of corks into 
the axis of a shorter and wider tube of glazed porcelain; a slow current of pure and 
dry hydrogen was then maintained through the porcelain tube, whilst a current 
of dry air was transmitted through the platinum tube. At ordinary temperatures 
no change was observed in either gas. i fire was then lighted around the outside 
of the porcelain tube, and gradually raised until the heat became very intense. 
At 2000° Fahr. the oxygen contained in the air had entirely disappeared nothing 
but nitrogen mixed with steam passed out of the platinum tube, hydrogen h 
passed through the pores of the platinum and entered into combination with the 
oxygen of the air within; whilst at still higher temperatures the moist nitrogen 
became mixed with hydrogen. Asthe tube cooled, the same phenomena occurred 
in the inverse order, till, when the ordinary temperature had been regained, no 
diffusion of hydrogen was perceptible, and unaltered air was collected from the 
platinum tube. nalogous resulta were obtained when a tube of soft cast steel was 
eubstituted for that of platinum, though the thickness of the steel tube was an 
eighth, or in some cases as much as a sixth of an inch. ; 

From these experiments one practical conclusion deducible is, that air-pyrometers, 

nibs of which are formed of iron or platinum, cannot be relied on when _em- 
for measuring elevated temperatures ; glazed porcelain, hcwerer, was found 
ne the gases completely. 
us ag these results are, they are but parenthetical in another series of more 


TRANSACTIONS OF THE SECTIONS. 27 


general bearing, in which Deville has for some time been engaged, viz. the pheno- 
mena of dissociation, as he has termed the partial decomposition which com- 
pound gases experience under the influence of a temperature more or less elevated. 

A very striking result was obtained by the use of an apparatus similar to that 
employed in the experiments just described, but in which a brass or silvered tube 
was substituted for the platinum or iron tube. A rapid flow of water was maintained 
through the metallic tube, so that it was kept quite cool, whilst the outer porcelain 
tube was gradually raised to an intense heat as before. On transmitting a current 
of pure and dry carbonic oxide through the porcelain tube, the lower part of the 
surface of the_cold metallic tube became covered with deposited carbon, whilst a 
portion of the carbonic oxide, by combining with the oxygen previously united with 
this carbon, became converted into carbonic anhydride. 

Sulphurous anhydride was by similar treatment resolved into sulphur and 
sulphuric anhydride; and even hydrochloric acid was partially separated into 
hydrogen and chlorine. These experiments are intimately connected with the 
attempts made to explain the cause of certain exceptions to Ampére’s law, that 

volumes of gases or vapours contain the same number of molecules of each. 
hemists now generally assume that the molecule, both of simple and of compound 
bodies, forms two volumes of vapour, and consequently that the molecular weight 
of any substance corresponds with the number which represents twice its density 
when referred to the density of hydrogen, if this be taken as unity. But there are 
exceptions to this law: pentachloride of phosphorus, hydrochlorate of ammonia, 
hydriodate of phosphuretted hydrogen, and various other bodies, instead of 
forming two volumes when one molecule of each is converted into vapour, yield 
four volumes. . 

In order to explain these anomalies, Kopp and Cannizzaro suppose that, at the 
temperature at which the vapour-densities of these compounds are observed, the 
bodies are temporarily decomposed, and, instead of forming one homogeneous 
vapour, are at the time of the observation really composed of a mixture of vapours. 
In certain cases this explanation ‘is probably the true one; but its general accept- 
ance has been disputed by Deville himself, though his results on dissociation seem, 
to cursory observation, to be in its favour; and it must be admitted that, up to the 
present time, the arguments and experiments which he has brought forward in 
opposition to the views of Kopp and Cannizzaro have not been satisfactorily 
answered. 

No sufficient proof, for example, has yet been adduced that the well-known 
anomalous cases of nitric oxide, chlorous anhydride, hydrosulphide of ammonium, 
cyanide of ammonium, and various other salts of ammonium and the volatile bases 
are due to dissociation of their components. 

This subject is one, however, too intimately connected with the molecular 
theories at present under discussion to remain long in its actual state. New ex- 

riments and evidence will no doubt be forthcoming, which will throw further 
ight upon the cause of these outstanding exceptions. 


Notes on Compounds of Copper and Phosphorus. By F. A. Anrt, F.R.S. | 

Mr. Abel gave an account of experiments instituted by him afew years ago upon 
the several combinations of phosphorus with copper, and upon the properties of 
copper containing small proportions (from 0-3 to 4 per cent.) of phosphorus, with 
special reference to their ap Freation to military and other purposes, as substitutes 
for the copper and tin alloy known as gun-metal. 

Mr. Abel’s experiments confirmed H. Rose's statements with regard to the for- 
mation of the phosphides having the composition Cu,P and Cu,P, but showed 
that the diphosphide of copper (Cu,P) could not be produced by the action of 
hydrogen at a high temperature upon the diphosphate, as stated by Rose. The 
product richest in phosphorus, obtained by this method, approached in composition 
to the hexaphosphide, but, generally, the proportion of phosphorus found in the 

roducts, r separation of the phosphoric acid produced, was between 3 and 

per cent. The diphosphide of copper heated to redness, out of contact with 
alr, or in a current of hydrogen, was moreover found to be reduced to the hexa- 
phosphide, 


28 REPORT—1865. 


In experiments upon the direct union of phosphorus with copper, the maximum 
proportion of that element with which the metal would combine was found to be 
about 12 per cent. In operating upon a large scale, the products were rarely so 
rich in phosphorus ; those most readily prepared contained from $ to 6 per cent. of 
that element. , 

Phosphorized copper, containing not more than 0-5 per cent. of phosphorus, is 
more fusible and flows much more readily than copper. ‘hen cast in iron moulds, 
it contracts very considerably, and has, when cold, a very compact and uniform 
structure. If cast in moulds of sand or loam, the phosphorized metal is always 
open in structure. The shrinkage of the metal, when cast in chills, renders the pro- 
duction of any but very simple castings difficult to accomplish ; but when sound 
castings are obtained, they exhibit great superiority over gun-metal castings in 
point of tenacity. The average “breaking weight” of gun-metal being about 

2,000 Ibs. on the square inch, that of phosphorized copper, containing 0°5 per cent. 
of phosphorus, was found to be 38,389 Ibs.; while the strain borne, up to frac- 
ture, by metal containing 0°75 per cent., amounted to 45,500 lbs. The phosphorized 
metal containing from 0°3 to 0°5 per cent. of phosphorus could not be rolled or 
worked under the hammer when heated even below redness, and required careful 
working when cold. 

Some results of experiments on the influence exerted by the presence of iron, in 
Rrosphorized copper, upon its composition and properties, were also described by 

fr. Abel. 


Observations on the Utilization of Sewage, as conducted at Stroud, and on the 
Growth of the Sewage Plant. By H. Brrp. 


On the Preservation of the Sheathing of Ships, and Extraction of Silver from 
Sea- Water by means of Electricity, By J.C. Bowntne. 


On the Direction of the Electric Current. By J.C. Bownine. 


Action of Acids on Metals and Alloys. By Dr. Crace-Catvert, F.R.S. 

The author, in the name of Richard Johnson, F.C.S., and himself, communicated 
to the members of the Section some of the leading facts that they had observed in 
studying the action of acids on metals and alloys. As it was impossible to attempt 
to go into details in the short space of time allowed him to bring the subject before 
the Meeting (for their researches extended over twelve months, and contained two 
or three hundred experiments), he would confine his observations to the action of 
sulphuric acid upon zinc. 

The first fact that he would bring before the notice of chemists was that, contrary 
to the generally received opinion, sulphuric acid at the natural temperature did not 
act upon pure zinc if the surface of the metal submitted to the action of the acid was 
perfectly free from any trace of oxide, whilst if there was the slightest oxidation, 
a alight action commenced, gradually increasing until in some instances it assumed 
the appearance of ordinary zinc when acted upon by sulphuric acid, viz., a violent 
action. 

Another curious and interesting fact is, that mono- and bi-hydrated sulphuric 
acids, besides having no action, as stated, at the natural temperature, exercise but 
a limited action also at a temperature of 130° C. and 150°C. ; for in the space of two 
hours sulphuric acid dissolved on 1 metre surface, with the mono-hydrated acid, 
respectively 126 and 386 grammes, and with the bi-hydrated acid 236 and 575 
grammes ; whilst if, on the contrary, sulphuric acid with 3 equivalents of water was 
employed, the increased action was really remarkable, being more than twenty times 
as preat, for the respective quantitics dissolved on @ metre surface were 8193 and 

“33 grammes; and even with sulphuric acid containing 4, 5, and 6 equivalents 
ater, the actions decreased materially ; in fact the action of SO,+6HO was 
cal with that of SO,+2 HO, whilst the violent action was resumed with sul- 

> acid containing 7 equiva. water, for at a temperature of 100° C. (the boiling- 
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int of the acid) as much as 5260 grammes were dissolved, to fall again to a low 
Foure with SO,+8 HO. 

He did not doubt that these resulta would prove of great value to electricians in 
drawing their attention to the necessity of studying with care the strength of the 
acid employed in their batteries. 

The action of heated concentrated sulphuric acid on zinc appears to divide itself 
into two distinct phases, in one of which sulphuric acid is decomposed, and sul- 
phurous acid given off; and the other in which water is decomposed and sulphu- 
retted hydrogen given off. 

With mono-hydrated sulphuric acid only sulphurous acid is given off; with bi- 
hydrated sulphuric acid, a large quantity of sulphurous acid is evolved, and only a 
trace of sulphuretted hydrogen; whilst with sulphuric acid containing 3 equivs. of 
water, large quantities of sulphuretted hydrogen are produced, and only traces of 
sulphurous acid. 

r. Crace-Calvert and Richard Johnson have also studied the action of sulphuric 
acid on copper and tin, and on brasses and bronzes; also the action of hydrochloric 
and nitric acids on the same metals and their alloys ; the interesting facts they 
have observed will be found in a paper which they intend to publish shortly, 


On the Reactions of Cyanogen. Note on Glycocine, with Tables. 
By T. Farrey. 


On the Utilization of Blast-Furnace Slag. By Freverick Grorce Finca, 
B.A., DSc. (Lond.), F.G.8., Assoc. Roy. School of Mines. 

In this paper the author, after referring to the various attempta that have been 
made both in this country and abroad to utilize the slag from iron-smelting fur- 
naces, described s method now adopted to effect this object at several ironworks in 
France snd Belgium. The slag is there allowed to run direct from the furnace into 
pits about 8 or 9 feet in diameter at the top, with sides sloping inwards towards 
the centre, where they are about 3 feet deep. The mass is left for eight or nine 
days to cool, when a hard, compact crystalline stone is obtained, which is quarried 
and used for building purposes, but chiefly for paving-stones. It is on this last 
application that its commercial value seems principally to depend. These paving 
stones are laid down in several provincial towns in France and Belgium, and also 
in some parts of Paris. They appear to wear exceedingly well, and are certainly 
superior to the grits and sandstones generally used for that purpose in those 
countries. 

This manufacture, besides being the means of getting rid of what has hitherto 
been a useless and cumbersome material, is found at the above works to answer in 
& pecuniary point of view. The large area required for the pits would prevent its 

option at many ironworks in this conntry. 


On some Minerals from South America. By Davip Forses, F.R.S., fe. 

The following minerals were exhibited, and the results of their chemical examina- 
tion reported :— 

Taltalite, a black mineral from the desert of Atacama, much resembling shorl, 
and which proved to be a silicate of copper and alumina with part of the alumina 
replaced by sesquioxide of iron, Domeykite, algadonite, and Darwinite, all from 
Chili, being three distinct basic arsenides of copper, represented respectively by the 
formule Cu, As, Cu,, As, and Cu,,As. The mineral Darwinite was proved iden- 
tical with a mineral which had been about same time found at Lake Superior, and 
which had been called Whitneyite. Telluriferous native bismuth, bismuth glance, 
and Danaite from Sorata in Bolivia; a new selenide of silver and nickel from near 
Mendoza. Iodides, chlorobromides, and chlorides of silver, all crystallized from 
year Copiapo in Chili, and an amorphous yellow mineral from the interior of the 
desert of Atacama in Chili, which was an oxyiodochloride of lead. Three differ- 
ently crystallized varieties of oxychloride of copper or Atacamite was shown from 
the coast of Bolivia and Chile, along with several other rare or finely crystallized 
minerals, 
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Attention was directed to hexagonal crystals of metallic copper from the mines 
of Corocoro in Bolivia, out of the red sandstones there; these were regarded by the 
author as pseudomorphs, after Arrayonite, as although some of them were found to 
consist of solid metallic copper, pt others on being sawn across were found to con- 
tain a greater or less nucleus of white carbonate of lime. The formation of these 
pseudomorphs was explained as having resulted from the action of a solution of 
protosulphates of copper and iron produced by the oxidation of ordinary copper 
pyrites on crystals of Arragonite or carbonate of lime. 

Synthetical experiments were related confirmatory of this view, as some crystals 
of Iceland spar, on being kept some months in a stoppered bottle along with 
mixed solution of sulphate of copper and protosulphate of iron, were soon converted 
superficially into carbonate of copper, which in turn was reduced to metallic cop- 
per by the deoxidating action of the protosulphate of iron. 


On the Colour of Gold as seen by transmitted Light. 
By Davin Forsrs, F.R.S., &e. 


The author found in several instances where solutions of gold had been precipitated 
by oxalic acid, that an extremely thin film of gold adhered very pertinaciously to 
the side of the glass vessel, and that this film, when looked at by transmitted light, 
was quite blue, and did not at all present the green colour attributed to gold in a 
fine state of division, as in the common experiments of holding up a thin gold-leaf 
between the eye andthe light. _~ 

He concluded from this that the true colour of gold by transmitted light was 
blue, and that the green colour usually observed was due to this blue colour being 
mixed with yellow light reflected from the polished surface of the hammered gold- 

A most conclusive experiment corroborated this view. In order to get a film of 
gold infinitely finer than the thinnest gold-leaf, the author took a quantity of the 
so-called ruby glass of commerce, the colour of which is due to a minute quantity 
of gold which enters into its composition (amounting to a six-hundreth of a per- 
centage only), and reduced the gold in this to its metallic state by heating it in an 
atmosphere of carbonic oxide. The film of gold thus produced, when examined by 
transmitted light, afforded a most beautiful and pure blue colour without any trace 
of green whatever. 


On the Constitution of the Acids of the Acetic, Lactic, and Aorylte Series. By 
Dr. Frawxiannd, F.R.S., Professor of Chemistry in the Royal Institution 
of Great Britain, and in the Royal School of Mines. 


In conjunction with Mr. Duppa, the author had for some time past been 
engaged in investigating synthetically the constitution of the acids belonging to 
the acetic, lactic, and acrylic series. They had succeeded in building up the 
higher members of the acetic series from acetie acid itself, by the substitution of 
hydrogen in that acid atom for atom, by the alcoholic radicals, methyl, ethyl, &c. 
Numerous new members of the lactic series had been in like manner constructed 
from oxalic acid, by the substitution of one atom of oxygen (O=16) Dy two atome of 
the alcohol radicals, whilst several members of the acrylic series had been produced 
from the lactic series by the abstraction of an atom of water from the latter. 

These investigations had led to the following conclusions :— 

1. The acids of all three series are constructed upon the radical type. They are 
all double radicals, composed of a chlorous and a basylous constituent. 

2. The chlorous constituent is the same in all, and consists of an atom of methyl, 
in which two atoms of hydrogen are replaced by one of oxygen, and the remaining 
atom of hydrogen by hydroxy], 

C QO” 
OI. 


It is this chlorous constituent which determines the basicity of these acids, and its 
repetition twice or thrice in a molecule produces dibasic or tribasic acids. « 
- The basylous constituent is variable, both homologously and heterologously. 
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Its homologous variation produces the different members of each series; thus in 
the acetic series we have— 


H CH C 
C }# CH” ol” 
H H H 
C re Cc tr re QO” 
OH OH O 
Acetic acid. Propionic acid. Butyric acid. 


Its heterologous variation, on the other hand, gives rise to the different series of 
acids, of which the acetic, lactic, and acrylic series are examples. In the acetic 
series the basylous constituent is always either methyl or an alcohol radical, derived 
from methyl (except in formic acid, where it is hydrogen). In the lactic series it 
is an alcohol radical, derived from methyl, in which one of the typical atoms of 
hydrogen is replaced by hydroxyl (OH); whilst in the acrylic series it is a similar 
cohol radical, in which two of the typical atoms of hydrogen are replaced by a 
diatomic member of the olefiant gas family. The relations of these three series of 
acids to each other and to methyl may therefore be thus simply expreased :— 


Acetic series. Lactic series. Acrylic series. 
H H (H H 
+ H |H f on 
C, Tt C4 H C.4 OH C, ile 
H | O |o lon 
it LOH OH 


Methyl. Acetic acid. Glycollic acid. Acrylic acid. 


On the Sanitary and Economical Aspects of the Sewage Question. 
By Dr. Hii (Borough Analyst, Birmingham.) 


The author stated that his attention had been drawn to this subject by examina- 
tions he had made of the well- and river-water of Birmingham, and the immediate 
neighbourhood. After many examinations, he considered that the water in ques- 
tion was generally contaminated with foreign matter, frequently organic matter, 
and resulted, as he believed, from the present system of sewage removal. Samples 
of water of the town yielded various quantities of solid matter, varying, in fact, 
from 12 grains per gallon to 30, 40, or even in one instance, to 260 grains per gal- 
lon. The principal constituents of the solid matter were salts of lime, magnesia, 
and soda, together with organic matter. He had not used the permanganate test 
for organic matter, but adopted the: usual process of incineration, and found that 
hie results showed in some instances the presence of 65 grains of organic matter 
and volatile salts per gallon. In the course of the process large quantities of nitrous 
fumes were evolved. With respect to rivers, he had examined the waters of two 
rivers near where they united. Sewage matter entered one of them near their 
junction ; and he was enabled to ascertain the effect of sewage matter upon the 
water. Before the entrance of the sewage, he found 1°8 grain per gallon of organic 
matter, and after admixture he found 12 grs. of organic matter. The author argued 
that the present water-eloset system was entirely wrong, and that we ought to 
resort to the old method of cesspools, and then have the solid matters removed 
direct to the land. 


On the Results of Agricultural Experiments made in 1864. 
By Dr. Stevenson Macavam, F.B.S.E., F.C.S. 

__ The experiments referred to were undertaken at the author's suggestion by agricul- 
turists in Roxburghshire, and form one of the first series of field experiments carried 
on in & systematic manner in Scotland. Twelve different manurial mixtures were 
used in the trials, and formed a set of experiments, whilst ten farmers made arrange- 

_menta, for carrying out the experiments in the field. The manurial mixtures em- 
ployed consisted of Peruvian guano, phosphatic guano, phospho-guano, bone-ash, 
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superphosphate, guano-superphosphate, sulphate of ammonia, and ground bones, 
taken singly or mingled together in definite proportions. The manures were 
analyzed so as to be certain of their exact composition. In each set of experiments 
the various operations were conducted on the same day with the plots of ground 
allotted to each manure. The soils on which the experiments were made were in 
part of a heavy nature, and in other parts of a light character—the proportion of 
each being equal. Each experiment was conducted on a quarter of an acre, and 
the twelve experiments consequently required three acres on each farm. The crop 
was turnips, and the yield or produce was weighed on the field. The results 
obtained were various on the different farms, as the manures which gave the t 
returns on one farm did not yield the largest crop on another. These variations 
are to be expected in all field experiments, and are due to the special circumstances 
or conditions of each field where the trials are made. Where only one set of ex- 

riments are conducted on a single farm, the local influences may materially affect 
the results; but where, asin the present case, the tield operations are conducted on 
ten farms, and the mean produce of the ten trials is obtained, then the disturbing 
influences of one farm are counteracted or practically neutralized by those of the 
other farms. 

The full extent of the differences in the yield of the various manurial mixtures 
may be more readily comprehended from the following Table, which gives the 
manures in the order of their fertilizing powers according to the mean of all the 
experiments :— 


Average produce 
per Imp. Acre. 
Calculated fro 
Manure for Quarter of an Imperial Acre. the mean money 


value (8s. 5d.) of 
each lot or man i 


In Bulbe. 

Tons. cwt. qr. Ib. 

(1) I. 9 Stones 35 p. c. Guano Superphosphate ...... --| 21 12 19 

2) J. 6 Stones Peruvian Guano .........ccceeeeeees 21 12 2 O 

3) H. 9 Stones 35 p. c. Bone-ash Superphosphate ...... 20 14 1 8 

(4) ©. 8 Stones 35 p. c. Bone-ash Superphosphate .... 20 183 0 
Stone Feruvian Guano eee ee cnees aaee 
tones 35 p. c. Bone-ash Superphosphate .... 

(5) G. 4 Stones Ground Bones wees Pe os e nn om 0 0 1 
tones atic Guano..... cece cece eees 

(8) F. 1 Stone Sulphate of Ammonia ........eeeeee 19 20 4 
6 Stones 35 p. c. Bone-ash Superphosphate .... 

(7) E. 42 Stones Bolivian Guano........ccccecceeees 18 8 8 16 
1 stone Sulphate of Ammonia. ......5..06- _ 
tones . ¢. Bone-ash Superphosphate .... 

(8) D. i Stone Sulphate vf Ammonia... . P wees —_ 1 8 2 28 
tones . c. Bone-ash Su osphate .... 

(9) B. 2 Stones Peravian Quano... pee ve P sen seees be 72 6 

(10) K. 4 Stones tRosphatic Guano. wena Roce cg 18 22 12 
nes . c. Bone-ash Superphosphate .... 

(11) A. 3 Stones Peruvian Guano ~uperphosphote «<7 Wel b 

(12) L. 6 Stones Phospho-Guano...........0.005 eoeeee| 17 4 0 19 


It will thus be observed that, taking the mean produce from the ten trials, cal- 
culated to the same money value for each of the manures, the greatest return of 
crop was yielded by the dissolved phosphatic guano, followed closely by the Peru- 
vian guano. Indeed the difference in the produce obtained from the plots treated 
with these manures was so slight—only 19 Ibs. to the acre—that they may be re- 
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garded as having yielded the same results. In referring to these experiments, it 
must be remembered that the season of 1864 was exceptionally dry. though the 
drought was not so t in Scotland as it was in England. The results obtained, 
however, are valuable as representing the produce obtainable in a dry season; and 
as a similar series of field experiments are being made this year in the same district, 
an opportunity will be obtained for contrasting the results for both years. 


On Esparto Fibre, or Spanish Grass, and its Employment in the Manufacture 
of Paper. By Dr. Srevenson Macapam, F.R.S.E., F.C.S. 


During the last three years large quantities of a grass obtained from Spain have 
been employed in this country in the manufacture of paper. Delivered in Great 
Britain, it costs about £5 10s. to £6 per ton. The recent high price of rags has 
caused a demand for esparto fibre ; and should it continue, other countries, as Bar- 
bary, which yield the same grass will no doubt contribute largely to tho sup ly. 
The chemical composition of an average sample is—moisture, 9°62; oil, 1:23 
albuminous compounds, 5:46; ligneous fibre, 66:28; starch, gum, and sugar, 
22°37 ; ash, 5-04. In the manufacture into paper, the material, first carefully 
cleaned, is subjected to the action of caustic The fibre, however, is rather 
short in nature, and hence paper entirely made of it is extremely liable to tear. It 
is customary, therefore, to give strength by mixing the pulp from esparto fibre with 
the pulp from rags, commonly in the proportion of equal parts. The paper so ma- 
nufactured is largely employed as a printing paper, and the majority of the Scotch 
newspapers are now pri ted on it. The spent soda liquor, being of a caustic na- 
ture, 13 highly pernicious and destructive to fish, when it is run directly into a fish- 
ing-stream ; even if diluted to the extent of many times its own volume, the liquid 
possesses the power of killing them within a few hours. Two plans have been 
8 ted and put in operation for the arrestment, more or less completely, of the 

e liquor. the first, the boiling down the ley, heating the residue with carbo- 
naceous matter, such as fine coal or sawdust, and the recovery of the soda from 
the calcined masg; the second, the reception of the liquor in large open cesspools, 
where it may percolate through the soil. Both plans have been successful. 


On Crystals of Melaconite, and on Tenorite. By Professor Masxetrne, M.A. 


Professor Maskelyne described crystals of oxide of copper (melaconite) that had 
recently been found by Mr. Talling of Lostwithiel. ey are brilliant in lustre 
and of a dark steel-grey colour, and occur in a chloritic vein-stone. Their crystal- 
lography presents considerable difficulty from the corrugated and uneven character 
of certain of the faces, and the incompleteness of the crystals. But measurements 
made on three or four selected crystals establish the oblique system as that of the 
mine 

The planes met with are (100)a, (001)c, (011) (111) (111) (801) (3 11), and 
the crystallographic constants of the mineral are given by the values of the para- 
meters, -a@:6:c=1-4902: 1: 1-3604, 
and of the inclination of normals to c, a, viz. 001, 100=80° 28. 

The fracture is generally conchoidal, and cleavages exist parallel to (1 1 1) and 
(0 ty, the latter s facile one. The crystals are generally twinned ; one twin plane 
is . 


The hardness is a little above 4, the specific gravity=35'82527. 

The mineral Tenorite, the form of cupric oxide, found in certain old lavas of 
Vesuvius consists in fine ribbon-like fibres, transparent under the microscope, and 
presenting feather-like twinned tes of laminated crystals, The individual 
crystals cleave readily with an angle of a little more than 72°. 

They present the interesting property of absorbing one of the polarized rays of a 
beam of light traversing thom, just as does a plate of tourmaline cut parallel to its 
optic axis. Itis not impossible that Tenorite may represent the melaconite crystal 
in lamin parallel to 100. 

The sooty blackness of cupric oxide in its powdered and more massive form may 
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be due to the extinction of light by the absorbing action of the crystal on one of 
the polarized beams. 


A few words on Sponges as a Source of Bromine and of Nitrogen. 
By Dr. Purrson. 


On the Sublimed Oligist of Vesuvius, and tts Artificial Production. 
By Dr. Pureson. 


On Silvetwm in Iron. By Dr. Purrson. 


On the Action of Light upon Sulphide of Lead, and tts bearing wpon the Pre- 
servation of Paintings in Picture Galleries. By Dr. D. 8. Price, F.C.S. 
The author’s attention was directed to this subject by observing that in the cases 

in the Fechnological Museum under his charge at the Crystal Palace, which are 
painted with white-lead, substances which emitted ‘sulphurous vapours did not 
cause a darkening of the surface of the case, excepting where it was protected from 
the direct influence of light. A number of experiments was then tried as to the action 
of light upon sulphide of lead produced by the action of sulphuretted hydrogen on 
lead paint. A board painted white with white-lead was exposed for several hours 
to the action of sulphuretted hydrogen, until the surface had acquired a uniform 
brown colour. Plates of glass of different colours were then placed upon the painted 
surface, one portion being at the same time covered with an opaque medium, and 
another left entirely exposed. The board was then placed facing the light. The 
glasses employed were red, blue, yellow (silver), violet, and smoke-colour glass. The 
results exhibited were after an exposure of eight days, and showed that the parts of 
the board directly exposed to light were bleached ; those protected by an opaque 
medium were not acted upon, while with the glasses of different colours interme- 
diate effects were produced, those of the blue glass being most decided. Drying- 
oils in conjunction with light rapidly bleach sulphide of lead, and boiled oil effects 
the bleaching still more rapidly. en water-colour is used bleaching takes place, 
but much more slowly than in the cas of oil. After quoting authorities, stating that 
generally light was advantageous to the preservation of pictures, Dr. Price showed a 
striking illustration of this fact. He had a picture painted, and then exposed it to 
the action of sulphuretted hydrogen, until it became sadly discoloured, and to all 
appearance destroyed. Some strips of paper were laid across the picture so as to 
cover some parts. The picture, thus partially covered, was exposed to light for a 
long time. The result, as shown at the fr eeting, was curious indeed—the parts of the 
picture exposed being perfectly restored, while those protected by the paper re- 
mained still discoloured. From his experiments he came to the conclusion that it 
was advantageous to have picture-galleries well lighted, especially where, as in 
towns, the atmosphere was charged with sulphur compounds, and that it was quite 
® mistake to have curtains pl in front of pictures with a view to their protec- 
tion. In the course of his communication, Dr. Price stated that it was curious to 
observe in many parts of London the discoloration of houses painted with white 
lead. He had frequently seen the lower portions completely coated with a metallic- 
like surface of the sulphide, and had little doubt that the formation of this com- 
pound would be found to be more frequent in winter than in summer, and more 
prevalent on the shady than on the sunny side of a street. 


The Progress of the Manufacture of Gun- Cotton, and its applicatton to Mining, 
Miliary, and Sporting Purposes. By Maynrxa PRENTICE. 


On the Properties of Parkesine, and its Application to the Arts, Manufactures, 
and Telegraphy. By Owrn Row.anp. 

Parkesine is so called after its inventor, Mr. Alexander Parkes, of Birmingham, 

the well-known discoverer of the cold process of vulcanization of Indian rubber. 

This material is suitable for a great variety of purposes, possessing properties kin- 
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dred to india-rubber and gutta percha; it can be uced of any colour or shape, 
and can be manipulated in almost every conceivable manner. e basis of the 
material Parkesine is gun-cotton, but a variety of other materials are used. These 
materials were exhibited : they consisted of various solvents, cotton waste, oils, &c. 
Various articles, manufac from Parkesine, were shown, and its various appli- 
cations thus proved. A cotton which is not readily explosive, is desirable in the 
manufacture ; iodide and chloride of zinc being used to prevent the rapid combus- 
tion of the cotton. Mr. Parkes’s solvent is suitable for the solution of india-rubber, 
gutta percha, and various gums; and by mixing these substances in various pro- 
portions, the different varieties of Parkesine are made. The author then referred 
to the value of Parkesine as an insulating material for telegraphic pu , oon- 
sidering it far superior to india-rubber and gutta-percha, or to any combination of 
materiale hitherto used. The strength of the material is considerable, a cable of it 
being capable of supporting one mile in length of its own substance, whilst sound 
joints can be made with the greatest facility. : 


On the Action of the Alkali Metals in determining the Explosion of Gun- Cotton. 
By Wantworts L. Scorr, F.CS., FLAS.L., §e. : 


The author stated that in the course of some experiments he accidentally dropped 
a piece of potassium on some gun-cotton; the gun-cotton immediately oxpladod. 
Tle then instituted a series of experiments, to ascertain what conditions were essen- 
tial for explosion to take place, whether the explosion was due to moisture, whether 
other metals would act similarly on the gun-cotton, &c. He found that by taking 
precautions to prevent friction, the gun-cotton still exploded. “When sodium was 
used a like result was obtained, even though the gun-cotton was rendered perfectly 
anhydrous. If an amalgam of potassium or sodium was used no result was obtained. 
Various metals were tried, but decided effects were obtained only with the metals 
of the alkalies, although finely-divided metallic arsenic has the property of increa- 
sing the explosive powers of gun-cotton, the mixture readily exploding on percus- 
sion, and the author thought the same might be usefully applied. 


On a Method of estimating Carbonic Acid in the Air. 
By Dr. Anavs Sora, FBS. 


The author explained a mode of analysis which he has called minimetric. The 
idea, he said, might perhaps not be quite new, but it is well to give the method a 
name, It is based mainly on the fact that we can retain in the memory with great 
- exactness the character of a precipitate of a given degree of translucency. For 
carbonic acid, the author finds a precipitate of carbonate of baryta, formed in half 
an ounce of baryta-water by 0-2515 cub, centim. of carbonic acid, or by nearly three 
times that amount in lime-water, to be most easily remembered. _the carbonic . 
acid in air is sought, the air is made to act on the baryta-water until the desired 
precipitate is obtained. In other words, we use the smallest measure of air which 
will produce the precipitate. For this reason the name minimetric is adopted. The 
method may also be used for hydrochloric acid, sulphuric and sulphurous acids, 
sulphuretted hydrogen, &c., and probably has been used frequently without being 
brought forward as a method for accurate use. 
. Two ways of using this method of analysis were described. The first was by the 
use of a finger pump, an elastic ball with two valves, connected with a bottle con- 

ining baryta-water. On pressing the ball the air in it is driven out, and on re- 
moving the pressure-air is drawn in through the liquid. The air and liquid are 
then shaken together, and the operation repeated until the precipitate is obtained. 
l‘or ordinary use a ball to contain two ounces is found most suitable; the bottle 
should have the same capacity as the ball + the space required for the liquid, so 
that the air contained in the bottle at the commencement of the experiment may 
count as one ballfull. 

A Table is constructed like the following, but of course it must be adapted to 
the size of the ball. 3e 
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Number of strokes . 
of the finger pump, Per cent. of carbonic 
or number of ballfuls the air 
of air. ° 


Actual amount of 
carbonic acid in 
one ballful of air. 


cub. centims. 


© GO “3 GD Or Go SD pe 


The number of ballfuls required to produce the precipitate being counted, on re- 
ferring to the Table the percentage of carbonic acid in the air is at once seen. An 
easy method of finding the precipitate for comparison is by shaking half an ounce 
(14:17 cub. centims.) of baryta-water in a bottle with 23 ounces of Manchester air, 
or nearly 30 ounces of London air (and elsewhere according to residence.) 

Experiments made with this apparatus show it to be extremely delicate. The 
carbonic acid in the air of a room can be estimated in a few minutes. For very 
bad air smaller balls are used, but in all cases only half an ounce of baryta-water. 

The second way of using the minimetric method was partly described in the re- 
port on the air of mines, and long tables were there given both for baryta- and lime- 
water. It is more particularly adapted for use in houses and workshops. 

Suppose we desire to lnow if the air contains more than 0-04 per cent. carbonic 
acid, we fill a bottle containing 5°422 ounces with air, by pumping or otherwise, 
and shake in it half an ounce of baryta-water. If there is any precipitate at all, 
the amount of carbonic acid in the air is above 0°04 per cent. This would indicate 
that the air is less pure than outside. _ 

If we allow 0-06 per cent. of carbonic acid in a room, we take a bottle of the size 
of 3:281+4 4 ounce=38:781 ounces (or 107-19 cub. centims.), and if after trial as above, 
we find a precipitate however small, or even a slight milkineas, the air is deterio- 
rated beyond 0-06, This relates to dwelling-houses. 

If for workshops we allow } per cent. (0°25), a bottle of 0-788+ } ounce=1-288 
ounces (or 36°51 cub. centinmis.) 1s sufficient. 

If 3 per cent. is allowed (0-50), a bottle of 0304+ 4 ounce =0-804 ounce (or 
25°34 cub. centims.) is enough. 

Both of these two last sizes of bottles are small enough to be carried in the 
waistcoat pocket. The addition of the } ounca is for the space occupied by the 


baryta-water 

ime-water, being very common, will probably be often substituted for baryta- 
water. The experiment is exactly the same, only larger bottles are required. 

0-06 per cent. carbonic acid in the air gives no precipitate or milkiness when 

4 an ounce of lime-water is shaken in a bottle of air containing 10°567 ounces 

( = 299-57 cub. centims.). " 

0-25 per cent. carbonic acid in the air gives no precipitate or milkiness when 

3 an ounce of lime-water is shaken in a bottle of air, containing 2°016 ounces 

(=82-67 cub. centiins.). 

0°50 per cent. carbonic acid in the air gives no precipitate or milkiness when 

; an_ ounce of lime-water is shaken in a bottle of air containing 1:‘708 ounce 

= 48-42 cub. centims.). | 
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By this simple method the greatest refinement may be attained. Of course, care 
must be taken to have the baryta- or lime-water perfectly clear to begin with. 
The author said he had not used these methods for purely scientific investigations. 


On a Apparatus for the Determination of the Ozone in the Atmosphere, and 
Experiments made therewith by means of the Asmrator. By Joun Suytu, 
Jun., A.M, Mem. BMS. 


The author being interested in linen bleaching, took daily meteorological obser- 
vations for several years, in which he directed particular attention to ozone. He 
found the usual methods of testing its presence in the atmosphere unsatisfactory, 
and showed it is so by reference to a Di Chart of all the elements of the 
weather in 1864, pre ared by him. He was therefore led to devise an apparatus, 
the principle of which is, by means of a large aspirator, to draw the air at acon- | 
siderable velocity through a small tube, so as to impinge at its opening into a tube 
of larger diameter against an extended surface of test-paper. This ozonometer 
consists of two brass or opaque glass tubes or boxes about 2 inches long and 2 inches 
in external diameter, the smaller of which screws or fits tightly into the larger, 
and is about jth of an inch shorter; its extremity at the point of the screw is 
grooved for an india-rubber band which holds the test-paper stretched across its 
mouth. The entrance-tube, }th inch in diameter, is introduced into the centre of 
the solid extremity of the larger box, 4th of an inch from the centre of the test- 
paper. A small pipe from the solid extremity of the smaller box communicates 
with the aspirator, which the author prefers should be made on the plan of Dr. 
Andrews, of Queen’s College, Belfast, viz., a meter of a capacity of about 
80 gallons, connected by means of a cord to a clock in which an extra weight is 
slung, which raises the gasometer at a uniform velocity over which the pendulum 
gives complete control. A counterpoise is used to support the weight of the 
gasometer. The author showed, from a table of experiments made by this im- 
proved ozonometer, that there is not much difference in the quantity of sensible 
ozone in two masses of air of equal volume, moving at different velocities, in differ- 
ent directions, and under different hygrometrical conditions. Also that the test- 
papers in the ordinary ozone-cage do not register high enough; a more extended 
eeries of experiments may, however, somewhat modify these views. 


On Phosphatic Deposits recently discovered in North Wales. 
By Dr. Ave. VoELcEER. 


An extensive mine, containing several phosphatic minerals, was accidentally dis- 
covered last year by Mr. Hope Jones, of Hooton, Cheshire, whilst he was searching 
for other minerals in the neighbourhood of Cwmgynen, about sixteen miles from 

westry. 

we mine is continuous for more than nine miles, and occurs 12 fect under the 
§ ace. 

It is not far from the clay-slate and lead-bearing district of Llangynog. 

The strata (slat shale) contain several beds of contemporaneous felspathic ash 
and scoriee, and the usual fossils of the Llandeilo series are found, but not in great 
numbers. 

The strata are vertical, and run east to west, or, more correctly speaking, 15 
degrees north of west (magnetic). 

A true vein or fissure containing vein deposit, partially metallic, divides two 
phosphatic deposits. 

One of them is nearly 8 yards in thickness, and embodies phosphatic limestone 
beds, containing from 10 to upwards of 85 per cent. of phosphate of lime. 

The other and more valuable deposit is a yard and a half thick, and consists of 
a black graphitic shale, largely impregnated with phosphate of lime. 

, This deposit is free from carbonate of lime, and much richer in phosphate of 
lime than the firat-mentioned deposit. 

In specimens taken at a depth of about 12 feet from the surface, Dr. Voelcker 
found from 54 to 56 per cent. of phosphate of lime in this phosphatic shale. 

At a greater depth the shale becomes richer in phosphates, and consequently 
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more valuable; for in the deeper specimens the proportion of phosphate of lime 


amounted to 64} per cent. 
This phosphatic mine is readily accessible and naturally drainable to a depth of 
about eet, and contains many hundred thousand, if not millions of tons of 


valuable phosphatic minerals. 

The following analyses may be given in illustration of the composition of the 
limestone and the black shale deposits. 

A specimen of phosphatic limestone gave the following results :— 


Phosphoric acid... 0.0... cc eee eceee renee ec aterceeenees 16-12 
Lime ... ccc ccc ce cc ccc ect c cece tc ce eee eereeeeetesas 30°42 
Oxide of iron... cc ccc ccc cece ence nc eee cee eeeecenseeees 2°34 
Alumina cee eeccceccveees cece cece cere eeaceceeeescsroes 652 
OBA vice ccc cece acc e cece rece eects eseseseseeeees ‘89 

Lge TTTTETESRETETESSS EERE eR 13 
Sulphur ....... cece ccc ccc c cece cece cecsacvsecesssssace 1-49 
Carbonic acid ..... ccc cee ccc ence ccc ecaccecsetesecaces 12-93 
Insoluble siliceous matter ......... ccc cere cnr cecaccesves 20°95 
Sulphuric acid 2.0... . ccc cece cece cess rence ve eeeeneeeene ‘16 
Organic matter and loss 10... .. cc cece eee cece cence nee 3°58 


These constituents, united together in the usual manner, give the following com- 
position for this phosphatic limestone :— 


Tribasic phosphate of lime ......... 0. ees eece cee cer eens 34-02 
Oxide of 17On. 6... cece ee cece e eer e ee eee beeeee os ceeee 2:34 
ALUMINA 2... cece eee eee cece rete tren ete nets eseese 6:52 
Carbonate of lime ..... ccc eee e cece eee tect eee e scenes 20°75 
Carbonate of magnesia. ..... 0. cece eee eccae ces eeces 5-92 
Magnesia in a state of silicate............ dae cece eeceees 2-07 
Tron pyrite... ccc cect ccc cece cece ne eeceececenneseens »» 279 
Sulphuric 0 a oss. ‘16 
Insoluble siliceous matter ........ ccc ceececescevecsceees 20°95 
Organic matter and loss ........eeeseeeeee wee cece nenes 3°58 


100-00 
A specimen of black phosphatic shale, found at a depth of about 20 feet below 
the surface, furnished the following results :— 


Organic matter and loss .........ssceeeeeees wee eeees 3°08" 

0: rr 37°16 Soluble in dilute 
Phosphoric acid® ....... ccc cc cece ec ee ee eeeeeeeeces 29°07 Lh vdrochloric 
Magnesia ......... cece eee eee e eee e nee teeeeeeaens 14 yore or 
Oxide of in. .... 0. ke cee eect ece cece ee eee neuen ees 1-07 act 
Alumin&... sc cece ccc cet ec cence teen eect nececeneees 584 
Matters insoluble in dilute hydrochloric acid .......... 22°14 

100-00 


A specimen of black phosphatic shale, taken at a depth of about 12 feet, on 
analysis yielded the following results :— 


Phosphoric acid........ccccscccccesccccccncctcceseseees 2407 
IMO occ cc cee cece nce naceceretsecnccesesececes 32°31 
Oxide of iron ...........0.0.. cece ec eseeeeececs peec veces 201 
Alumina. ...... cc cece eee cc ceees ae ce ecreccceecees 771 
Magnesia .........ccscccccsccctcccscceces ences eces 82 
Sulphuric acid ........cccc ccc ccccccccccccscccsccveeces 26 
Tron oo c ec ccc ccc cence cece cercecsctvestcuseesegeces 3°51 
Sulphur... ..... ccc cece cece cece cececcncssevcuncecees 401 
Insoluble siliceous matter ........ccccccscseccccccecenes 92°44 
Organic matter and loss .........0.cccececceecceceeveces 3°36 
100-00 
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Accordiigly the composition of this specimen of black shale may be repre- 
sented as follows:— 


Tribasic phosphate of lime ......... wee c eee e eee eceeenes . 52°16 
Lime present as fluoride of calcium and as silicate.......... 4:23 
Magnesia ...... ccc ccc cece cet e cere r ere seeeessesages 32 
AIUMING... eee cee cece eect eet e cece eee rece eeeneeneees e71 
Oxide of 170... 1... cece cece ete e cece een eeoes veccee 20] 
Sulphuric acid .....cccc cscs scccccceccecccceseees ee seee ‘26 
Trom pyvites 2... cee cece cece cece eee ee ee neees seecoeee 7°52 
Insoluble siliceous matter .......... cece cece een e scenes 22°44 
Organic matter and 108s ....... cece eee e cee r cece enans .. 836 

100-00 


On the Composition of a Marine-Boiler Incrustation. 
By Dr. Aue. VoricKer. 


A marine-boiler incrustation, analyzed by Dr. Voelcker, yielded the following 
results :— 


Moisture...... Sec eees vec ce cess tccessccecscecesverseee LOL 
Water of combination .........ccccscccucs ceccescccsesee 1°48 
Oxides of iron and alumina, with traces of phosphoric acid .. 64 
Lime @eeseeove6ee6s eeevuovopaeeaegesueavaeeeovoeneane eeosupveoeoenvouauee@0@0280e0R80889 08608 30-05 
Magnesia ....sscescecees occ cccr cece sccecvereseeeses LOVE 
Sulphuric acid ......cccccccscccesscesescesesesseessese 45°) 
Chlorine .........c00. cove cece eeesneses eeecsccccccovess BO 
Soluble silica ...... ccc cc ee ees cece covccccesseee O86 
Fluorine ....... cc cece cc ceeecs cea oees cece recceee eoscee tFACOS. 
Alkalies and loss .........ccccvcececesss ceceees ceccscese § *O4 

10000 


This incrustation did not contain a trace of carbonate of lime or magnesia, two 
constituents always present in ordinary boiler incrustations. 

Supposing the chlorine found to be present as chloride of sodium, and uniting 
sulphuric acid with lime, we obtain the following results :— 


Moisture (left at 212°)........ ccc eeccecccccceccecs cesees LOL 
Water of combination ......... cece cece eens ee eeeees wee 748 
Oxides of iron and alumina, and traces of phosphoric acid..., 64 
Sulphite of lime ...........ceeeee ve eeeeees see eeee coeee (242 
Lime (probably preseat as fluoride) .......... wee ceeeeeeee ‘25 
Magnesia... .. ccc ce cece cece cece ces eeesesseesenees 16°72 
Chloride of sodium 10... .cceccscc cece ce cceceeecacevane 1:48 
Soluble silica ....... cece cree een ececenneusceessseoens ‘06 

10000 


The water of combination found in this analysis is just sufficient to form, with 
the magnesia, hydrated oxide of magnesia; for 16-72 of magnesia require 752 of 
water, which agrees closely with 7°48, the amount found in the analysis. 

It thus appeara that this incrustation consists mainly of anhydrous sulphate of 
lime and magnesia-hydrate. 


On the Possibility of Manufacturing Néroli in the British Colonies. 
By Dr. J. E. De Vuzis. 
After his arrival in Java the author found there existed in Bandoug many 
thousand shaddock trees (Citrus decumana). 
In higher localities like that of Bandoug, where the average temperature is much 
lower than in Batavia, the fruit of the shaddock has only the size of an ordinary 
orange, and is not eatable. As the many thousand shaddock trees growing in the 
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neighbourhood of Bandoug were therefore almost useless, he thought it interesting 
to make some experiments on the preparation of the essence of shaddock flowers. 

After a great many distillations of several hundred-weights of fresh flowers, the 
result was that the average quantity of essence yielded by 1000 lbs, weight of 
flowers was | lb.. 

Having ascertained the amount of product, the following question arises :—Is 
the essence obtained by me from the petala of the shaddock trees identical with the 
essence of orange flowers called néroli? The result of his experiments in this 
direction was, that the two essences are really identical, which conclusion was 
afterwards confirmed upon his return to Europe, by the principal manufacturers of 
perfumes whom he consulted on this subject, and who declared the essence of 
shaddock flowers prepared by him to be identical with first-rate quality of néroli. 

Another question of importance also arises:—Would the manufacture of néroli 
in the tropical countries pay? This can only be answered by practical experience. 
In Java, where the author made his experiments, the local circumstances are such 
that the manufacture would certainly pay. 

But besides the néroli obtained by distillation of the flowers, there remains in 
the still after the distillation a substance which deserves attention, if ever his plan 
of preparing néroli in the tropical colonies should be carried out. If the residue 
in the still is thrown, yet boiling, upon a cloth, the clear yellowish liquid which 
passes through the cloth deposits after a few days a large amount of yellow crystals. 

His experiments with these crystals have proved that they are identical with the 
substance discovered in 1828 by Lebreton in unripe bitter oranges, and called by 
him “hesperidine.” This hesperidine, which the author finds very widely spread 
in the genus Citrus, is the pure, bitter substance contained also in orange peels. 
As this hesperidine is a pure and quite innocent bitter substance, which can be 
obtained easily, and in tolerably large quantities from shaddock flowers, it deserves, 
perhaps, attention as a substitute for hops. 


On the Rotatory Power of several Essential Oils. By J. E. pe Vas. 


The author communicated the results of his experiments on the rotatory power 
of more than ninety specimens of different essential oils. He observed them ina 
tube of 100 millimetres length with Biot’s polarizing apparatus, and although he 
found a great discrepancy in the rotation of specimens of the same essential oil pre- 
pared in different localities, he considers, nevertheless, the accurate determination 
of this physical property of great importance for the study of these still very im- 
perfectly known compounds. In observing, for instance, the rotation of seventeen 
specimens of the essence of peppermint manufactured in England, France, Ger- 
many, Holland, and America, by well-known manufacturers, he found thirteen 

mens showing a rotation to the left, varying between'— 6° and — 34°, three spe- 
_ cimens showing a right rotation varying between +9° and +19°-5, and one speci- 
men which showed no rotation at all. It appears therefore that the essence of 
peppermint is a mixture of at least two essences, one of which has a right and the 
other a left rotation, which explains the difference, and also the absence of rota 
power in different specimens. In examining the rotatory power of French and 
American essence of turpentine and of their compounds with hydrochloric gas, he 
observed the singular fact that, though both the essences showed a left rotation, the 
solid and liquid camphor obtained by hydrochloric gas from the American essence 
showed a right rotation, whilst those compounds obtained from the French essence 
retain the original /eft rotation of the essence from which they are prepared. 


W. Warr exhibited Photographs of the Interior of the Great Pyramid taken 
with the Magnesium Light by Prof. C. Piazzi Smyth. 


On the Aniline Process in Photography. By W. Wits. 


On the New Formule, with reference to Schools and Examinations. 
By Dr. T. Woon. 
Dr. Wood said he wished to call the attention of the Section to a matter which 
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was giving to chemistry a repulsive aspect, and which rendered the passage even 
of tls outer gate difficult to those who wished to enter its domains Paamely, the 
two systems of nomenclature at present in use amongst chemists. 

He wished to call attention to a question of every day occurrence and of great 

ractical importance, namely—what kind of chemical notation shall be taught to 
s at school? That since the requirements of the Chemical Examiners were not 
alike, arose the question of not 50 much “ What shall we teach ?” as “ How shall 
we teach it?’ He hoped that the discussion of these questions would lead to some 
definite result; which would be of great weight and value as bearing the sanction 
of the Chemical Section of the British Association,—a result much to be desired, 
as the inconvenience at present suffered by many teachers from the present unsatis- 
factory state of things was very great. 

He called attention to the inexpediency of printing any book, intended as a text- 
beok for beginners, with the old and new formule side by side. 

lst. He found by practice that the old formuls are more easily understood than 
the new; and even when a student was told to learn only one, he generally read 
both, and frequently ended by understanding neither. 

2nd. That it is difficult to teach the new formulsx to students who know some- 
thing of the old, especially if the text-book contains both ; and more so when the 
student is not a constant attendant in a laboratory. 

8rd. That in order to teach the new symbols successfully, sets of text-books con- 
taining the new symbols only must be used, especially for school-boys. 

It is of great importance that those who have to teach in schools, should know 
not merely what to teach, but have some general understanding or common consent 
as to the terms and language in which their instruction is to be conveyed; and 
further, have some authoritative sanction for so strong a measure as the introduc- 
tion of new symbols before their use is generally required. With this view the 
following questions are submitted :— 

Ist. Are the new symbols really essential? Are the advantages gained practi- 
cally so great as to demand the sacrifices required by the change P 

hysicians, tutors, and others not professed chemists’ who have a respectable 
knowledge of chemistry according to the old system, will find themselves unable 
to comprehend and teach the new, without a fresh course of chemical study. 

2nd. If the new symbols are really necessary, they ought to be taught at once to 
all persons beginning to learn chemistry; above all, to boys. 

3rd. From what has been before stated, it follows that if the new formule are 
to be used in schools, books written with the old formule are useless as school- 
books, This is a difficulty which may be overcome by the issue of new editions, 
but publishers no doubt will look with suspicion on books treating of a science 
which can dea] with such wholesale reform, and writers with unsold editions 
would be in an evil case. 

It will of course require some authoritative enunciation before people will quietly 
turn aside from their books, old friends, the companions and assistants of years, 
and see their places taken by younger and newer productions with which they feel 
little in common ; and they will heave many a sigh to think that a change so small 
in apparent good, should cause them so much trouble and annoyance. It will not 
be at the desire of a single exaniiner or professor that a master will allow his pupils 
to learn new symbols, or agree to banish the old class-books and order new ones. 
There is therefore much to be considered in the proposed change. 


GEOLOGY. 


Address by Sir Roventcx I, Muncuison, K.C.B., G.C. St.A., D.C.L., LL.D., 
F.RS., V.P.G.S., Director-General of the Geological Survey, and President 
of the Royal Geographical Society, President of the Section. 

T.aprg8 AND GENTLEMEN,—Gratefully remembering the cordiality with which 

the men of science were received here in the year 1830, and again in 1849, and 
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knowing how much our objects were advanced on both those occasions, it gave me 
the sincerest pleasure to propose last year at Bath, that a meeting of the British 
Association should be held, for a third time, in the town of Birmingham. 

Intimately connected as I have been with the British Association since its 
foundation in 1831, when, as the then President of the Geological Society, I 
headed the small band of my London associates who assembled at York, you will 
believe me when I say that it affords me the highest gratification in my old age 
to preside once more over my brother geologists, particularly in this flourishing 
town, so near some of the most instructive and attractive of the Silurian districta. 

It is now nineteen years since I presided over the British Association; and fifteen 
years have elapsed since I occupied the geological chair; for, although I have 
not in the mean time ceased to use my hammer, and though I still cling as 
keenly as ever to this my own special science, I have, in what I consider its en- 
larged sense, been led to ehdeavour to advance, in late years, by every means in 
my power, the sister science of Geography. I have thus had the happiness to 
see that, whilst the comparatively new Section of Geography and Ethnology has 
become very popular, and is always crowded, at all our recent meetings Sectian C 
treating, as it does, of the true foundation of geography, has been quite as well at- 
tended as ever; and I trust that on this occasion our room will be as well filled 
as it bas ever been in previous years, when this Section was presided over by a 
Buckland, a Sedgwick, a Delabeche, a Lyell, and a Phillips. 

Great indeed have been the advances made in geological science in the sixteen 
years which have elapsed since’our last meeting in Birmingham. For although at 
that time the bases of the classification of the older rocks were then firmly esta- 
blished, still our knowledge of the correlations and contents of the several forma- 
tions ascending from the oldest stratified rocks in which we could distinguish the 
remains of life has since been materially extended. 

The lowest sedimen rocks, which, with most goologista, I considered to be 
azoic, or void of life, simply because at that time nothing organic had been disco- 
vered in them, have, through the labours and discoveries of Sir William 
and his associates in Canada, been found to contain a Zoophyte, which they 
termed Eozoon Canadense. The rocks containing this fossil were named Lauren- 
tian by Logan long before that fossil was detected in them, and simply because 
they clearly underlie all the rocks of Cambrian and Silurian age. On the same 
principle of infraposition, it was my good fortune to be able, in 1855, to point out 
the existence of these same ancient rocks on a | scale in the north-west High- 
lands of Scotland ; and though I at first termed them Fundamental Gneiss, as 
soon as I heard of Logan’s discovery in North America I adopted his name of 
Laurentian. . 

__ In our islands, however, nothing organic has been discovered as yet in theae our 
British fundamental rocks, though they are truly of Laurentian age. For although 
it was supposed for a moment that the rocks of the Connemara district in the west 
of Ireland were also of that high antiquity, because it was said that they contained 
an Eozoon, I assert, from my own examination*, as well as from information 
obtained during a recent visit by Professor Harkness, that the quartzose, gneissose, 
and calcareo-serpentinous strata of the Bins of Connemara, in which the suppose 
Eozoon was said to exist, are simply metamorphosed Lower Silurian strata, Pro- 
fessor Harkness will explain this point to you, and will further, I believe, endea- 
vour to convince you that there is no organic structure whatever in the serpen- 
tinous rock of:Connemara. But, whatever may be the decision of microscopists, 
I must, as a geologist, declare that, inasmuch as Zoophytes of a low order (Fora- 
minifera) unquestionably occur in Laurentian rocks, so it was by no means im- 
probable that the same group of low animals, having, as far as we can detect, no 
antagonistic contemporaries, and having been, therefore, free from any “ struggle 
for existence,” might have continued to be the inhabitants of sea-shores and cliffs 
during the long succeeding epoch. 

The mere presence of an Eozoon is therefore no proof whatever that the rock in 
which it occurred is of the “ Fundamental ” or “ Laurentian” age, that point being 
only capable of settlement by a clear infraposition of the rocks to well-known 


* Seo ‘Siluris,’ p. 190. 
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and clearly defined Lower Paleozoic deposits, in the lowest of which, or the 
Cambrian of the Geological Survey, another form of low Zoophyte, and a few 
worm-tracks have, as yet, alone been detected. 

In a word, this discovery of a Foraminifer in the very lowest known deposit, in-~ 
stead of interfering with, sustains the truth of that doctrine which all my experience 
as a geologist has confirmed, that the lowest animals alone occur in the earliest 
zone of life, and that this beginning was followed through long periods by 
creations of higher and higher animals successively. Thus, through the whole of 
the vastly long Lower Silurian period, so rich in all the lower classes of marine 
animals, whether Mollusks, Crustaceans, or Zoophytes, no one has yet detected a 
vertebrated creature. Fishes first begin to appear in the latest Silurian deposit, 
from which time to the present day they have never ceased to prevail; and new 
forms of Vertebrata, adapted to each succeeding period, have followed each other. 
Every geologist knows how, in the overlying Secondary and Tertiary formations, 
higher and higher grades of animals successively appear, and how the relics of 
man or his works have been detected in the youngest only of the Tertiary deposits, 
though certainly at a period long anterior to all history. We now well know that 
human beings: coexisted with quadrupeds which are extinct; and we also know 
that the physical configuration of the surface has undergone considerable changes 
since such primeval men lived. This subject, opened out in France by M. Boucher 
de Perthes, followed by some of his distinguished countrymen, has in our country 
received much illustration at the hands of Prestwich, Lyell, Falconer, Lub- 
bock, Evans, and others, and is now a well-established doctrine. . 

But the great feature at the other end of the geological series, to which I 
revert, is the uncontradicted fact, which has been passed over by many writers, or 
misrepresented by others, that there were enormously long periods, following that 
of the primeval zoophytic deposits, during which the seas, though abounding in 
all the other lower orders of animals, were not tenanted by Fishes. 

As this is a fact which the researches, during thirty years, of many geologiste, 
amidst the Lower Silurian rocks in all parts of the world, have been unable to 
invalidate, so it teaches us, in our appeal to the works of nature, that there was a 
beginning as well as a progress of creation, and that those writers, however eminent, 
who have announced that Fishes, Mollusks, and other Invertebrata appeared toge- 
ther, have asserted that which is positively at variance with the resulta of the 
researches of this century. As I have in various works pointed out this great funda- 
mental principle in the origin of successive fauns, and as at my age I may pro- 
bably never again occupy a geological chair, I hope therefore to be excused for 
looking back with some pride, now that I am on the eastern borders of my 
Silurian region, to the period when, thirty years ago, I dwelt on the then novel 
fact, never since contravened, that “the F Tobe of the Upper Silurian rocks ap- 
peared before naturalists as the most ancient beings of their class’’*. Enormous 
regions in Europe and America over which these Silurian rocks extend have, I 
repeat, been long harried, with an intense desire on the part of many searchers to 
find something which would gainsay the datum-line that marks the beginning of 
vertebrated life; and, as all these efforts have failed, I have some right to insist 
upon the value of such a vast amount of what those who seek to oppose this view 
still persist in calling negative evidence. The facts however remain, and on them 
I rest my belief. 

In this short introductory Address I cannot attempt to present to you a sketch of 
the general recent progress of geological science in other parts of Europe or in 
America, This must be sought in the well-digested recent Address of the actual 
President of the Geological Society, Mr. W. J Hamilton. I must, for the most 
part, confine my observations to certain British questions, the more so as I know 
that our distinguished associates of other countries, who honour us by their pre- 
sence on this occasion, come to us mainly for the purpose of ascertaining the pro- 

we have made in our isles, and with the ,view of visiting those of our 
typical localities of which they have read. 

* See ‘Silurian System,’ p. 605. Though the work was not published until 1838-39, 
the Silurian system and its characters were established by mo in 1835 (see ‘London, 

Edinburgh, and Dublin Philosophical Magazine,’ 3rd series, vol. vii. p. 46, 1835). 
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Among those visitors from abroad, I must first allude to my eminent friend, M. 
Henri von Dechen, the Nestor of living geologists in Prussia. In speaking of him, 
I turn back to the year 1827 (four years before the foundation of the British Asso- 
ciation), when he and his associate Oeynhausen explored our islands, and when it 
was the good fortune of Professor Sedgwick and myself to examine perts of the 
Highlands of Scotland in company with those able young German geo opiste who 
have since risen to such high distinction. Of him who 1s now present will only 
say that the great geological map of the Rhine Provinces, of which he has been the 
director, is a work of special value to English geologists. In this map are delineated 
with precision the whole series of the stratified rocks on both banks of the Rhine, 
from those Devonian limestones of the Eifel which were correlated with our own by 
Sedgwick and myself, to the Coal-measures and the several Tertiary and superficial 
deposits, as well as all the rocks of igneous origin; in it are also elaborated in the 
most skilful manner all the numerous intermediate strata, of Devonian and Moun- 
tain-limestone age, which are wanting in the immediate vicinity of Birmingham, 
but which have to a great extent their equivalent representatives in other of 
our islands, Whilst for the subordinate strata thus delineated M. von Dechen 
and all Prussian geologists naturally employ local names, I am glad to find that 
the general groups of Silurian, Devonian, and Carboniferous are thoroughly re- 
cognized by him and his associates according to the divisions established in Bri- 
tain, and of which our father William Smith set the first example, by his admirable 
identification of the strata of the Secondary rocks by their fossils and order of super- 

sition. 

mM veteran German friend is accompanied by another of his countrymen, Profcssor 
Ferdinand Roemer, of Breslau, whose works have justly earned for him a very high 
osition, particularly in paleontology ; and whilst one of these is upon Texas, in the 
nited States of America, let me say how fortunate we are in having among us Prin- 
cipal Dawson, of Montreal, in Canada, whose high merits are so well known to every 
reader of the volumes of Lyell and the Quarterly Journal of the Geological Society of 
London. There may indeed be present several distinguished visitors from distant 
countries, with whose arrival or intention of coming hither I am unacquainted 
whilst I write; but in relation to our nearest neighbours, the French, it gave me 
great pleasure when I learned that our younger Foreign Associates were to be led 
y M. A. Gaudry, once President of the Geological Society of France. Now, all 
these visitors will, I doubt not, rejoice in having the opportunity of studying the 
varied relations of the sedimentary and eruptive rocks in the vicinity of this flourish- 
ing hive of human industry. These and other foreign visitors, as well as our as- 
sociates from different parts of the United Kingdom, will necessarily take a d 
interest in comparing the varied rocks and their fossils which are grouped aroun 
oie place of meeting, with the sedimentary and eruptive rocks of their own several 
istricts. 

Among the recent important additions to our knowledge of the geographical 
distribution and characters of the Silurian rocks, I cannot but advert to the suc- 
cessful labours of Professor Harkness. He had already shown in the clearest 
manner, by the evidence of fossils and order of succession, that the lowest of the 
strata in the Cumbrian district of the Lakes, the slates of Skiddaw, are truly of 
Lower Silurian age, and not older than the Llandeilo group. Recently, in ursuing 
his labours, he has detected fossils in the “green fates ” or volcanic ashes an 
porphiyries which lie intermediate between the Skiddaw strata and the higher 

ilurian ; and he has further found others in the Coniston Flags, which he views 
as equivalents of the upper part of the Caradoc formation. Further, Professor 
Harkness has shown, for the first time, that the slaty rocks of Westmoreland, 
which separate the Carboniferous limestone from the Permian of the Vale of the 
Eden, contain Lower Silurian fossils similar to those of Cumberland. I hope also 
to learn from him at this meeting what has been the effect of certain great faults 
ranging from north to south, which have impressed a grand and picturesque 
outline on that region, and upon the lines of which are situated the most striking of 
the lakes of the north-west of England. 

Although no Lower Silurian rocks, properly so called, occur near Birmingham, 
one adjacent tract, the Lickey, offers a characteristic example of the lowest of the 
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Up r Silurian rocks, in the form of quartz-rock ; whilst the limestones and shales 
of Dudley, and their beautiful fossils, surmounted by those of Sedgeley, are very 
rich, and characteristic of part of the overlying Ludlow and Aymestry series. Iam 
glad to find that the members of the Dudley and Midland Geological Society will 
not only communicate to us papers on the different organic remains of these de- 
posits, but will also point out the relations of these rocks to others in the west, 
where the whole Silurian system is more fully developed. We shall also, I hope, 
have fresh illustrations of the effect of the eruptions of the basaltic and igneous 
rocks of the Rowley Hills, and other similar bosses, upon the Palsozoic strata 
which they penetrate. 

Above all, the mining public and proprietors in the Midland Counties will, 
I am certain, be well instructed by the evening lecture to be given by my friend 
and associate Professor Jukes, who so distinguished himeelf, ty his descriptions 
and maps of this his native district, as justly to entitle him to be placed at the 
head of the Geological Survey of Ireland, which for many years he has con- 
ducted with great ability, He can, no doubt, indicate to you the extent to which 

rofitable works in coal are likely to be carried out, by sinkings through that 
Dower Red Sandstone of the central counties which is now termed Permian, a 
mame proposed by myself in 1841, as taken from a large province in Russia, be- 
cause I there found sandstones and limestones of the same age, extending over 8 
region much larger than France. The sinkings, which were successfully made 
through this deposit at Christchurch by the late Earl of Dartmouth, only four miles 
to the west of immingbam, induced me, twenty-seven years ago, to write thus :— 
“It is, indeed, impossible to mention this enterprise without congratulating geolo- 
gists on the effects which their writings are now producing on the minds of practical 
men, since it was entirely owing to inferences deduced from geological phenomena 
that this work was commenced, whilst its success was derided by many of the miners 
of the adjacent coal-field.” 

If that enterprise has not been extensively followed, we must recollect that, to 
sink shafts to depths of many hundred feet can in central England scarcely be pro- 
fitable, so long as coal is found so much nearer the surface, as in the South Staf- 
fordshire field; yet, as that field is tending towards exhaustion, it is cheering to 
iow that extensive beds of coal will be worked in future ages under some of the red 
lands of the Midland counties and the Magnesian Limestone of Nottinghamshire, 
under which the great Derbyshire coal-field passes; and hence all present estimates 
of the duration of our coal-supply must be more or leas fallacious, if such high pro- 
babilities be left out of the estimate. At the same time it must be admitted that we 
are consuming this staple of our national greatness at so rapidly increasing a ratio, 
that the value of the warning voice of ge William Armstrong at the Newcastle 
Meeting of the Association, when he told us that, with a continued yearly increase 
of two millions and uarters of tons, our coal-supply would in many tracts 
be exhausted in little more than two centuries, is well sustained*, Now, when this 
announcement was made, the average total annual produce, as ascertained by the 
Mining Record Office of the Museum of Practical Geology, amounted to 86 millions 
of tons; but by the estimate of last year, as prepared by Mr. Robert Hunt, and to 
which I have recently affixed my name, the produce has risen to the astounding 
figure of 93 millions of tons. Such is our own natural industry and enterprise that 
not more than 94 per cent. of this enormous quantity is exported for the use of 
foreign countries, among which France receives but 1,400,000 tons per annum. 

Passing from the consideration of these deep-seated subjecta to the superficial 
deposits of the country around Birmingham, I would advise any of my associates 
who have not witnessed the phenomena to repair to the parishes of Trescott and 
Trysull, and the adjacent fins to the west of Wolverhampton, there to see a 
quantity of blocks of granitic and other hard northern rocks, all foreign to the 

strict, which were evidently carried by icebergs floating in the sea which 
covered this flat and undulating region in the heart of land during that 
glacial period when Scotland was what Greenland is now—an ice-clad region, 


* Mr. Edward Hull, of the Geological Survey, in his valuable work the ‘Coal-fields of 
Great Britain,’ had previously developed the resources of those fields, and had replied to 
the oft-repeated question, “ How long will our coal-fields last ?” 
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whence icebergs, transporting blocks of stone, were floated southwards*® from great 
Scottish glaciers which protruded into the sea. 

Coming hither in ignorance of what the several associations of local geologists 
(which rival each other in their researches) have accomplished, I shall be happy to 
learn that some of them have detected, in this portion of the kingdom, any o those 
proofs of the existence of man at an early period, when large animals, now extinct, 
prevailed in our islands, in ages so remote that, since then, the physical configura- 
tion of the country has undergone considerable changes. This inference is, as I 
have said, founded upon irrefragable evidence collected in different parts of Euro 
as well as in our own country. When, however, we come to consider the modus 
operands by which these great physical changes have been brought about, geologists 
have different opinions. As one who holds to the belief that in former periods the 
crust of the earth was from time to time affected by an agency much more power- 
ful than anything which has been experienced in the historic era, I do not believe 
that the wear and tear due to atmospheric subsérial erosive agency could, even 
after operating for countless ages, have originated or even have deepened any of the 
valleys and gorges which occur in countries as flat as the tract in which we are now 
assembled. 

But whilst I adhere to my long-cherished opinion as to the great intensity of 
power employed in the production of dislocations of the crust of the earth, and 
though 1 cannot subscribe to the doctrine that the ordinary action of deep seas 
remote from coasts can adequately explain the denudation of the old surface, even 
‘by invoking any amount of time, recognize with pleasure the ability displayed by 
my able associates, Ramsay, Jukes, and Geikiet, in sustaining views which are to 
a great extent opposed to my own in this department of Theoretical Geology. 

Admiring the Iluttonian theory, as derived from reasoning upon my native 
mountainous country Scotland, and fully admitting that on adequate inclines ice and 
water must, during long periods, have produced great denudation of the rocks, I 
maintain that such reasoning is quite inadequate to explain the manifest proofs 
of convulsive agency which abound all over the crust of the earth, and even are to 
‘be seen in many of the mines in the very tract in which we are assembled. Thus, 
to bring such things to the mind’s eye of persons who are acquainted with this 
neighbourhood, [ do not apprehend that those who have examined the tract of 
Coalbrook Dale will contend that the decp gorge in which the Severn there flows 
has been eaten out by the agency of that river, the more so when the deep fissure 
is at once accounted for when we see the abrupt severance that has taken place 
between the rocks which occupy its opposite sides. In that part of Shropshire, 
the Severn has not worn away the rocks during the historic era, nor has it pro- 
duced a deeper channel, whilst in its lower parts it has only deposited silt and mud, 
and increased the extent of land on its banks. 

Then, if we turn to the district in which we were last assembled, the valley at 
Bath is known to be the seat of one of those disturbances to which my eminent 
friend Sir Charles Lyell candidly applied the term “convulsion”; the hot waters 
of that city having ever since flowed out of a deep-seated fissure, clearly marked 
by the strata on the one side of the valley having been upheaved to a height very 
different from that which they once occupied in connexion with those of the other 
side. When, indeed, we look to the lazy-flowing, mud-collecting Avon, which 
at Bath passes along that line of valley, how clearly do we sce that it never 
scooped out its channel ; still more, when we follow it to Bristol, and observe it 
passing through the deep gorge of Mountain-limestone at Clifton, every one must 
then be convinced that it never could have produced such an excavation. In fact, 
we know that, from the earliest periods of history, it has only accumulated mud, 
and has never worn away any portion of the hard rock. 


+ See ‘Silurian System,’ p. 535. 

* The work of Geikie, recently published, and entitled ‘The Scenery of Scotland 
viewed in connexion with its Physical Geology,’ is an admirable illustration of that 
author’s descriptive powers. Though I am opposed to his view of the original formation 
of valleys and deep depressions by rivers and the atmosphere, I quite agree with him as 
to the great effect produced by glaciers when that mountainous region was covered by snow 
and ice. 
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From such data I conclude that we cannot apply to flat regions, in which water 
has no abrading power, the same influence which it exerts in mountainous coun- 
tries; whilst we are also compelled to admit that the convulsive dislocations of 
former Poniods produced many of tho% gorges in which our present streams 
flow. To pass, indeed, from the environs of Bath and Bristol, and even from the 
less distant Coalbrook Dale, you have only to contemplate the tract which lies 
between Birmingham and Dudley, and endeavour to satisfy the mind as to tue 
processes by which it has been planed down before the surface was covered by 
the Northern Drift; for tho great dislocations which this tract has undergone, 
as proved by many subterraneous workings, must have left a highly irregular 
surface, which was so levelled by some very active causes as to obliterate the 
superficial irregularities corresponding with the interior disturbances. In short, what 
was this great power of denudation which took place in a tract where there are no 
mountains whence powerful streams descended, and in which there are no traces 
of fluviatile action? Must we not, in candour, admit that such denudation is as 
difficult to account for as it is to explain by what possible gradual agency the vast 
interior of the valley of elevation of the Weald of Sussex and Kent, and that of 
the smaller valley of Woolhope in Herefordshire, have been so absolutely and entirely 
denuded of every fragment of the enormous masses of débris which must have 
encumbered these cavities, as derived from the rocks which once covered them P 
Placing no stint whatever on the time which geologists must invoke to satisfy their 
minds as to the countless ages which elapsed during the accumulations of sediment, 
I reject as an assumption which is at variance with the numberless proofs of in- 
tense disturbance, that the mechanical disruptions of former periods, and the over- 
throw of entire formations, as scen in the Alps and many mountain-chains, can be 
accounted for by any length of action of existing causes. 

But I must not wander further on, illustrating this principle, to which, as en old 
practical geologist, I firmly adhere, namely, that in former periods there existed forces 
which, though similar in kind, were of much greater intensity than those which 
now prevail, and without which we in vain seek to account for the upheavals, 
depressions, dislocations, and even many of the denudations of which the old 
crusts of the earth exhibit such undeniable proofs. 

To turn, however, from these general viows to the immediate prospects of this 
Meeting, I must congratulate you on having here among the men of science 
many of the good geologists who constitute the Natural-History Clubs, most of 
which have arisen since the British Association met last at Birmingham. 

First in the number of such local associations let me mention the Club of the Mal- 
vern Naturalists, so ably presided over by the Rev. W. Symonds. Many are the 
valuable data which the researches of ita president and members have brought to 
light, in addition to the original sketches of that highly interesting tract by Mr. 
T.eonard Horner and myself, and to the more elaborate and finished work of Professor 
Phillips. Among the last contributions, I must specially advert to a memoir by 
Dr. Holl, in which he endeavours to prove that the lowest crystalline rock of the 
Malvern Hills is the equivalent of the Laurentian system of North America. 
Although I was at first disposed to admit the validity of his inference, and even 
yet see objections to it, and incline rather to the belief that it is of a Lower 
Cambrian age, I deem it fair to avow that, in a tract where all the lowest 
_ Silurian rocks are exhibited, though in epitome only, it is possible that the 
basement of that primitive Malvern series may be the equivalent of the vast 
Laurentian of America, the north-west of Scotland, and of Bohemia, though in 
mineral character there is not the resemblance I should expect to find. 

Then in Shropshire, the very kernel of the Silurian rocks of Britain, we have the 
Caradoc Club, continually adding to and illustrating all the phenomena around the 
Wrekin and Caer Caradoc; and the Oswestry and Welshpool Naturalists’ Club, 
whose Secretary is a zealous geologist, and, with his associates, diligently explores 
the neighbourhood of Oswestry and Llangollen, to the geology of which he has 
recently published s ‘Guide.’ In Herefordshire there is the Woolhope Naturalists’ 
Club, whose members claim, and occupy with zeal, all the fossil hunting-ground 
to the south of the Caradoc, and range in their excursions from the beautiful 
valley of elevation at Woolhope to Ludlow and its environs. 

Next, if we cross the valley of the Severn, or that which, in the geological 
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language used in former years, I ventured to term the “Straits of Malvern,” and 
ascend from the valley of the Severn, occupied by New Red Sandstone and Lias, we 
have the Cotteswold Club, the labours of which have already thrown much light 
on the composition and fossil contents of the Oolitic formations. And lastly, to 
make out three-fourths of a scientific-field circle around Birmingham, there are at 
Warwick a Museum and a Field Club vigorously led by the Rev. P. B. Brodie. 
Now most of these institutions have local museums, some of them of value; and 
that of Dudley in particular rivals the collections of this opulent town. 

With such means and appliances, then, as surround Birmingham, to say nothing 
of the great support we shall have from abroad and from numerous parts of our 
islands, I have no doubt that the proceedings of the Geological Section of this 
meeting will equal those of any former gathering. Above all, as geologista, we 
are inspirited and honoured by the prominence which has been given to our science 
in the fact, that as the last meeting was presided over by Sir Charles Lyell, 80 we 
are now assembled under another of our eminent leaders, Professor Phillips, whose 
untiring labours, blended as they have always been with the heartiest goodwill 
and the kindest manners, have, from its origin to the present day, been the main- 
stay of the British Association for the Advancement of Science. 


The Economic Value of the various Measures of Coal and Ironstone in the South 
Staffordshire Coal Field. By 8. Batuey. 


On the Fossiliferous Beds of the New Red Sandstone (Upper and Lower Keuper) 
in Warwickshire. By the Rev. P. B. Brovir, Af.A., F.G.S. 

The prevailing fossils in these two divisions of the Trias were described, especially 
the remains of cestraciont fishes, more perfect than usual in the Upper Keuper; a 
species of Paleoniscus (P. superstes), the last of its race, and a new mailed fish un- 
described, closely resembling some from the Old Red Sandstone; with plants pro- 
fusely distributed in certain places, indicating a somewhat varied flora, and espe- 
cially well-defined footsteps of Rhynchosaurus (noticed here for the first time 
in the Upper Keuper) and Labyrinthodon, chiefly confined in Warwickshire to the 
higher division. The Lower Keuper is remarkable for its more or leas perfect re- 
mains of Labyrinthodonts, of which a fine collection, the best in England, is con- 
tained in the Warwick Museum. Hence it was shown that predaceous fishes and 
Salamander-like reptiles were comparatively abundant during this period ; and if 
this formation was as largely quarried as many others, a more extensive fauna and 
flora would probably be detected. A greater extension * of the Keuper was pointed 
out in a portion of the area occupied by it, while it reached its minimum thickness 
in Warwickshire, as shown by Mr. Hull. The best sections of the Upper Keuper 
were described in detail, and the denudations which the district under review had 
undergone were accurately determined. 


On a Section of Lower Lias at Harbury, near Leamington. 
By the Rey. P. B. Bropm, M.A., F.G.S. 

In the first paper the author described in detail the section of the ‘Lima beds’ 
exposed on the line of the Great Western Railway, which contain the usual fossils, 
and, as far as could be measured, reach a thickness of 40 feet, to which, if the low- 
est shales could be added, a greater thickness would be attained. Below the Lima 
beds the White Lias appears cropping out on the west, where in some places 
in the neighbourhood it is largely quarried, passing downwards into the Rhetic 
series, which is partially indicated by the occurrence of a sandy stone with Lstheria 
minuta, the whole over ae the red marl. The Lima beds here agree pre well 
with the same zone in Gloucestershire, Dorsetshire, and Somersetshire, though this 
section cannot be so clearly correlated with the still finer one seen in the railway- 
cutting at Saltford, near Bath. Itis to be noted that at Harbury the ‘Insect or 
Saurian beds,’ intermediate between the Lima beds and the White Lias, are so 
much reduced in bulk that they are most feebly represented. 


* This has been omitted in the last Survey Map of the district. 
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On two New Species of Corals in the Lias of Warwickshire. 
By the Rev. P. B. Bropre, ¥.A., F.G.S. 


The author observed that an unusually | species of Montlivaltia®, as yet un- 
described, had been met with inthe Middle Lias, near Shipston-on-Stour, where it 
is abundant, the t specimens measuring 5 to 6 inches in length, and 3 in dia- 
meter acroas the calicular surface, varying in size and form, some being more elon- 
gated and others more cyathiform. Most of the corals are unfortunately much 
weathered, the epitheca being rarely preserved, but better ones might be obtained 
by quarrying. One example of the so-called Monthvaltia Haimes was described 
from the Lower Lias, near Rugby. Though abundant in Nottinghamshire, it is 
rare in Warwickshire, and is known also in Ireland, where it was firat observed by 
Mr. Tate. It may perhaps be questioned whether this coral is correctly assigned 
to the Belgian species. late years the number of British Liassic corals has 
greatly i , and when all are published and described, the list will certainly 
equal, if it does not exceed that already known in foreign countries. 


Remarks on the Drift in part of Warwickshire, and on the Evidence of Glacial 
Action which it affords. By the Rev. P. B. Bropre, M.A., F.G.S. 


The extent and character of the low-level drift round Warwick and Leaming- 
ton and along the valley of the Avon, were first described, containing in places the 
usual mammalian remains, but no flint implements had yet been detected. Of older 
date belonging to the glacial period, was an extensive deposit of drift occupying 
the high -land over an area from 6 to 12 miles N.N.AW. and W. of Warwick. 
Rounded pebbles and boulders of various size and diverse mineral composition 
are scattered in greater or less abundance over the whole of this tract, including 
granite (rarely) and other more ancient rocks. Here and there some large erratic 

locks are met with, but generally the pebbles are of small size, consisting mostly 
of sandstone and quartz. Flints little abraded are nowhere absent from this drift, 
though more abundant at some spots than others. Fossiliferous rocks are very 
scarce, but at one place pieces of chalk rounded and scratched with flints, n- 
sand, oolite, lias, magnesian and mountain limestone, and rounded boulders of older 
formations were indiscriminately mingled together. Hence it was inferred that an 
iceberg had deposited a portion of its load there. The other erratica consist of the 
usual detritus, supposed to have been derived by the same means from the north 
generally, though much of it may have been transported from other directions. 

he most novel and interesting fact was the discovery of Orthis redux, Langula 
Taenueur’, a species of Modiolopsis, and Trachyderma serrata in the quartzose peb- 
bles and sandstones, identical with those fi and described by Messrs. Salter 
and Vicary in the Quart. Journ. Geol. Soc., from the New Red Sandstone at Bud- 
leigh Salterton in Devonshiret. It was inferred that these numerous pebbles of a 
similar lithological character had the same origin as the Devonian ones, and that 
in all probability the upper red sand and marls with pebbles once capped the Keuper 
in Warwickshire, and the softer material having been denuded, the heavier masses 
were scattered about as they are now found. The few fossils hitherto found in them 
by the author are at all events Lower Silurian species belonging to the Armorican 
sandstone, and the quartzites of Ivray in Normandy. 

A list of some of the chief constituents of the drift was appended, showing its 
prevailing contents to be of a very mixed character, though the sandstone and quart- 
zose pebbles largely predominate. 


Organic Remains of the Coal-Measures, By U. P. Carewett. 


© It appears that this species occurs in the Lias on the Continent, where it was de- 
scribed by Fromentel et Ferry, under the name of Montlivaltia cuneata= M. Cherring- 
tonensis, Duncan, MS. 

‘t Theee shells were examined and identified by Mr. Woodward, Mr. Salter and Mr. 
Vicary A the late Meeting of the British Association in Birmingham. 4 
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On the Fossit Plants of the Post-Pliocene Deposits of Canada in Connexion 
with the Climate of the Period, and the Formation of Boulder Clay. By 
Principal: J. W. Dawson, DL.D., F.R.S. ' 

The author said the leading deposits are, in descending order, the Saxicava-send 
and Leda-clay, and the Boulder-clay ; but the latter, though locally under the Leda- 
clay, is of various ages. Instances were referred to of boulder deposits older than 
the Leda-clay, contemporaneous with this and the Saxicava-sand, and also later than 
either. Many arguments were adduced to show that in Canada the striation of 
both surfaces and the deposit of Boulder-clay had taken place under the influence 
of ice drifted by ocean currents, and that there was no evidence of any period when 
the continent was covered with glaciers, though these may have existed on 
of the land remaining above water in the period of depression. It was shown that 
the driftage had been from the north-east, or against the slope of the country ; 
that the materials of the deposit were of such a character as to prove that they could 
not have constituted subaérial moraines, and that marine f occur in some parts 
of the Boulder-clay. The paper next referred to the action of icebergs in the Straits 
of Belleisle, and on the coast of Newfoundland, showing that their vast numbers 
and great size, together with their movement and frequent grounding, must enable 
them to produce great mechanical effects. The author quoted evidence to show 
that more than four hundred large bergs are sometimes acting at one time in the 
Straits of Belleisle, and showed that during the Post-pliocerre submergence the in- 
fluence of icebergs and the Arctic current must have been exercised in a similar 
manner over the whole of the St. Laurence Valley. The last point discussed was 
the nature of the flora of the Post-pliocene in Canada. The species of plants 
found in these deposits were noticed, and their present range stated, from which it 
appeared that they constitute a somewhat asérial but not Arctic assemblage, and 
would indicate no greater refrigeration than that which would be due to the actual 
subsidence proved to have occurred. This inference would also correspond with 
the evidence of the animal remains and with the effects attributed to the Arctic 
current, bearing its annual burden of ice over the submerged land. 


The Succession of Paleozoic Floras in North America. 
By Principal J. W. Dawson, DL.D., F.R.S. 

The Paleozoic formations of Eastern North America may be grouped in four 
great ages, each characterized by a distinct fauna and flora, and a co nding 
series of physical conditions. ese are the Lower Silurian, the Upper Silurian, 
the Devonian, and the Carboniferous, each of which coustitutes a great cycle of 

seozoic time. The rocks, supposed to be Cambrian, are imperfectly known, and 

ave afforded no fossils. The Permian group has not been recognized. 

1. The Carboniferous flora may be arranged in three subordinate groups. 
) That of the Upper Coal formation, consisting of a few of the more widely 

istributed species of the Middle Coal formation. (2) That of the Middle Coal 
formation, the head-quarters of the peculiar Carboniferous flora and of the pro- 
ductive beds of coal. (3) That of the Lower Carboniferous Coal-measures, con- 
sisting of a few peculiar species, several of which aro not found in the overlying 
arts of the system. These plants have been recently recognized at this period in 
tern America, and a similar group seems to have existed at the same time in 
Great Britain. Tho whole coal-flora in British North America may be estimated 
at about 150 good species, of which the greater number are common to America 
and Europe. . 

2, The Devonian rocks in Eastern America have afforded eighty-one species of 

land plants, of which only about ten are common to this and the Carboniferous 

eriod. They occur principally in the Upper Devonian, but some extend to the 
bottom of the system. Though fewer in species, the Devonian flora is not lower 
in grade than that of the Carboniferous period. The earliest known species are 
allied to Ly sacee. The Devonian flora has been recognized in Pennsylvania, 
New York, Ohio, Canada, Maine, and New Brunswick. Tho number of species 
common to the Devonian of Europe and America is not so great as in the case ot 
the Carboniferous. 
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3. The Upper Silurian has afforded land planta only in its upper beds, and only 
at Gaspé in Lower Canada. The only well-characterized species is Pst 
princeps, which is also one of the most common plants in the Devonian. The firat 

own appearance of land plants in America is thus at the same geological period 
with their first known appearance in Europe. 

4. The Lower Silurian has as yet afforded few land plants. It abounds in ob- 
jects called fucoids, but the greater part of those are trails of worms, crustaceans 
and mollusks, rill-marks, shrinkage-cracks, &c. Those that show carbonaceous 
matter or structure seem to be allied to Northern Algw. The extent of shallow- 
water deposits of the Lower Silurian explored in Eastern America without any 
observance of land plants, would seem to afford at least a presumption against their 
abundance at that period. . 

The author anticipates that the Laurentian will yet afford evidence of at least 
the existence of Algmw before the Palmozoic period. He has prepared for commu- 
nication to the Geological Society a detailed account of that part of the above succes- 
sion which relates to the Carboniferous of British America. . 


On the Lower Lias of Lyme Regis. By E.C. H. Day. 
On a Head of Hybodus Delabechci. By E. C. H. Day. 


On the History of the Jurassic Seas, as evidenced by the History of the first 
Taassic Sea. By HK. C. H. Day. 


On the Large Prussian Geologual Map of the Rhenish Provinces and West- 
phalia. By Genereata H. von Decuen and Prof. E. Romer. 


M. Geheimrath H. von Dechen, of Bonn, gave a general explanation of the large 
Geological Map of the Khenish country, and of the Province of Westphalia, which 
is chiefly his own work, and which after twenty years of incessant labour has just 
now been finished. This map embraces one of the most interesting parts of Ger- 
many. Besides the Devonian strata which occupy the greater part of its area, 
the highly remarkable volcanic phenomena of the Eifel and of the Laacher See are 
contained within its limits. 

The whole map was executed by order of the Prussian Government. Ita scale is 
Tapes: A certain number of sheets of the map were exhibited in the Section-room. 

r. Ferdinand Rémer, who has taken part in the survey of this map, made some 
additional remarks on the Devonian strata represented on it. The Devonian rocks 
of the Rhenish country exhibit the most complete and best developed series of 
the Devonian system which exist anywhere in Europe. The whole system ts here 
distinctly divided into three main divisions, viz.:—1. The Coblenz Grauwacke, con- 
sisting of dark-coloured sandstones and clay-slates of a total thickness of at ledst 
10, feet. Trilobites of the genus Homalonotus, Spirifer macropterus, Cho- 
netes sarcinulatus, and several species of the genus Pterinea, are the most charac- 
teristic organic types. In Devonshire this lowest division of the Devonian rocks 
on the Rhine is very little developed, or at least very imperfectly known as regatds 
ita organic remains. A few fragments of Homalonotus armatus,and of Gryphéus 
( Pleuracanthus) laciniasus, and casts of Chonetes sarcinulatus, from Meadsfoot sands, 
are almost the only documents from which the existence of the Coblenz grauwacke 
in Devonshire may be inferred. 

2. The Eifel limestone, i. e. a series of limestone beds and calcareous marls which 
chiefly constitute the several basins in the hilly region called the Eifel, which, 
surrounded everywhere by the Coblenz grauwacke, appear like islands on a geolo- 
gical map. This Eifel limestone forms the very centre of the Devonian system, 
and contains that wonderful variety of fossil shells, Corals and Radiata in a beauti- 
ful state of preservation, which have made the Eifel a celebrated region to palwon- 
tologists. This middle group of the Devonian series on the Rhine 1s distinetly re= 
presented in Devonshire. The limestones of Torquay, Plymouth, and ae Oca 
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litie:, and the schists containing Calceola sandalina, are evident equivalents of 
the Eifel limestone, although the number of fossil species in these Devonshire lime- 
stones is not nearly so great as in the Eifel. 

3. Goniatite and Clymenia-beds.—This uppermost group of the Devonian series 

is of a more varied mineralogical composition than the two other groups ; Goniatites 
and Clymenis are the most characteristic fossil types. On the left bank of the 
Rhine, in the neighbourhood of Aix-la-Chapelle and Stolberg, the uppermost part 
of this group is formed by schists which abound with Spirifer Verneuilss (Sp. dis- 
junctus). In that same country these uppermost Devonian strata are immediately 
and conformably overlaid by the true Carboniferous or mountain limestone, cha- 
racterized by the well-known forms of Productus, as Prod. semireticulatus and Prod. 
Cora. Dr. Romer concluded his remarks by observing that, although the present 
more exact knowledge of the Devonian rocks in the Rhenish country was the result 
of the labours of German geologists, it ought not to be forgotten that many years ago 
Murchison and Sedgwick, assisted in the palssontological department by E. de Ver- 
neuil, recognized in the Eifel limestones an equivalent of the limestone of Torquay, 
and so were the first who proved the existence of Devonian rocks on the Rhine. 


The President, in commenting upon the great value of the large map of Von 
Dechen, assured the Section that he had personally tested its accuracy in several 
explorations of the Rhenish Provinces of Prussia, and he rejoiced to find that 
whilst Principal Dawson had detailed the characters of the Devonian rocks of North 
America, his friend H. von Dechen and Ferdinand Romer had adinirably devel 
that triple division of these rocks into which he, in his last edition of ‘ Siluria,’ had 
correlated with the Old Red Sandstone of Scotland, and its equivalent group as it 
exists in Devonshire. 


On the Existence of Gold-bearing Eruptive Rocks in South America which 
have made ther appearance at two very distinct Geological periods. By 
Davrp Forses, F.#.S., fe. 


The author believed that the gold deposits of South America had not as yet 
been studied with a view to determine the geological’ period at which the gold 
itself had made its appearance. The present communication was the result of ob- 
servations made during seven years’ travels over a part of South America, and 
which had enabled him to class all the deposits of gold which he had visited under 
two heads, both of which could be traced back directly or indirectly to the intrusion 
or eruption of igneous rocks. 

Under the first head belonged all gold derived from the disintegration of itic 
rocks of an age later than much, if not of all of the Silurian strata, but probably not 
later than the Devonian period. 

The largest gold washings of South America, and probably of the whole world, 
he looked upon as derived from this source as well as the auriferous quartz veins, 
as these could be traced to the proximity of the granite, and which he believed to 
have originated in, or been injected from the granite into the neighbouring strata, 

ing the gold, which was a normal constituent of the granite itself, along with 
it. is granite, wherever met with, is invariably auriferous in itself; and although 
it would not pay to grind down granite mountains and wash out the gold in it, yet 
in many parts of South America, in Brazil, near Valparaiso, &c., the granite, appa- 
rently solid, was frequently decomposed #2 situ to depths of even over 200 feet, as 
shown frequently in the late railway-cuttings, and then it sometimes repaid the 
labour of washing the whole mass for the sake of the gold in it. To this class also 
belongs several metallic veins, injected also from the ite into the neighbouring 
Silurian strata, which contain gold, and are remarkable for the presence of other 
minerals very characteristic, as oxide and sulphides of tin, iron pyrites, copper ‘Py- 
rites, compounds of bismuth, tellurium, selenium, &c., many of which are seldom 
or never met with in later rocks. 

The second appearance of gold is, however, totally distinct from the above in 
mineral character as well as in geological age, and results from the eruption of 
dioritic (greenstone) rocks composed of hornblende and felspar (without quartz), 
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which break through the strata even as late as thoee containing oolitic fossils, and 
consequently must be regarded as younger than the oolitic period, but, as far 
as researches have yet shown, are probably not posterior to the deposition of the 
cretaceous strata. In this case, instead o quarts veins carrying the gold frum 
the granite into the neighbouring strata, we have veins of metallic sulphides and 
arsenides acting in the same manner, and find the gold imbedded in its metallic 
state in the compounds of sulphur and arsenic, with iron, copper, &c.; and from 
some unknown cause the more superficial parts of these veins appear as a rulo to 
be much richer in gold, which by the miners is generally supposed to decrease in 


depth. 

The minerals commonly found in these veins are not the same as in the metallic 
veins mentioned as also occurring with the granitic rocks under the first head, and, 
as far as observations have gone, the metals tin, tellurium, tungsten, titanium, sele- 
nium, &c., are never found in these auriferous veins of later date. 

Nothing could be more conclusive than the totally distinct age of these two sets 
of auriferous eruptive rocks, which the author believes to represent the only ages 
at which gold has been introduced into the upper crust of the globe, and thinks it 

robable that this generalization may be carried into other parts of the globe, if it 
not altogether universal. 


On the Igneous Rocks of South Staffordshire. 
By Davip Forsys, F.R.S, 


At the request of the Local Committee of thie Section, I undertook to investigate 
and report upon the igneous rocks of Staffordshire, and at first had some hopes of 
laying before the Section, at this Meeting of the Association, a more complete re- 

ort upon the chemical and mineralogical nature of these rocks. Upon getting 
eeper, however, into the subject, I found that all the results which I could collect 
from the labours of previous investigators were but of little service, and contained 
so many discrepancies that I was compelled to commence the investigations ab inttio. 
As my time could not be exclusively devoted to this inquiry, it was evident that 
in the few months (from March) which would elapse before the Meeting of the 
Association took place this year, it would be quite impossible to do any justice to 
the subject, cially as the careful chemical examination of many rocks as were 
desirable would in itself take up some months’ labour. I come forward, therefore, 
with the present communication simply to report progress, and to show that the 
investigation has not been neglected, and I trust that at the next year’s Meeting of 
the Association I may be enabled to present a more complete and detailed commu- 
nication. I shall therefore merely give a sketch of the system pursued in the in- 
iry, and shall leave the details until I have the honour of laying a second report 
fore the Section. 

After having collected all the published information on the subject that was 
attainable, of which by far the most important is contained in Mr. Beete Jukes’s 
valuable “‘ Memoir on the South Staffordshire Coal-Field,” I found that our chemi- 
cal knowledge was confined to some two or three analyses made at random, if I 
may so speak. The two analyses of Rowley and Whiterock-trap, made by 
Mr. Henry, and inserted in Mr. Beete Jukes’s Memoir, represent, no doubt, the 
exact composition of the hand specimens sent to Mr. Henry, whose skill was un- 
questionable ; yet I have quite satisfied myself that they do not represent the com- 
position of the rock-masses in general, and would not be such as a geologist would 
select to represent what he considered as a fair specimen of what the rock-mass 

y was. 

In these investigations it is absolutely essential that the chemist, geologist, and 
mineralogist should go hand in hand in the inquiry. It was therefore resolved to 
make a personal visit to each of the principal localities where these rocks occurred, 
and to select carefully specimens which would fairly represent the unaltered rock- 
mass, distant as far as possible from the external surface, which, naturally, are in- 
variably more or leas altered by the action of air, water, carbonic acid, &c., as also 
from the intenmixture and absorption of more or less of the surrounding strata 
with which they come into contact. It is quite evident that without such precau- 
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tions being taken it would be impossible to place any reliance in the results; yct 
it is well known that too often no attention is paid to this subject. 

A series of specimens thus collected are now prepared, and being submitted to 
chemical examination, whilst at the same time to examine their mineralogical 
structure, sections have been carefully ground and mounted for the microscope, 
thus enabling rocks, which to the naked eye presented nothing but a dark, indi- 
atinct surface, as if composed wholly of but one mineral, to be at once resolved into 
the various minerals which actually enter into their composition. Their specific 
gravity was also carefully determined. It would take up too much of the time of 
the Section, and prove too uninteresting to go over the percentage figures of the 
analyses already made, or to ge into the details of the methods employed in the 
chemical examination, especially as it is intended that these results should be laid 
before the Section as soon as the whole of the contemplated series of analyses are 
concluded. and better enable comparisons to be made between the different rocks. 
I may only state that rocks have been already analyzed from some seven different 
localities, and microscopical examinations mado of about fifteen localities. Some 

oints, however, have been satisfactorily ascertained, to which attention will be 
irected in a few words. 

As will be seen from the map of the Ordnance Ceological Survey, the bosses of 
igneous rock which present themselves at the surface are some thirteen in number; 
the most extensive of them all being the Rowley Hills, covering an area of probably 
about 2} square miles; after which the Wednesfield and Barrow Hill eruptions 
come respectively next in extent, whilst the remainder are on a much smaller scale. 
Besides, however, such rocks as are visible on the surface, the extensive mining 
operations for coal have disclosed numerous dykes cutting through the coal-measures 
and frequently forming large masses, or more or less reguiar sheets of hard rock, 
imbedded in the strata. These are generally less compact in appearance, and of a 
lighter colour than the larger masses, and are known to the miners of the district 
as ‘‘ green rock,” presenting some resemblance in external appearance to a green- 
stone, but in reality quite distinct from that rock. A third variety of igneous rock 
forms small dykes and veins, often very irregular, and altering both the coal and 
the rocks in contact with it; it is known to the miners by the appellation of 
‘‘ white horse,” and is occasionally called white trap or felspathic trap. 

T have already completed more than one chemical and microscopical analysis of 
each of these three varieties of igneous rocks which so often have been looked upon 
as different, and the results are so satisfactory as to leave no doubt but that 
all these rocks, however dissimilar in their present appearance, are in reality one 
and the same rock, or rather were originally identical, and in all probability made 
an eruption from one focus, and more or lees contemporaneously. I cannot, however, 
endorse the opinion which has been expressed, that they are contemporaneous with 
the deposition of the coal measures, but rather am inclined to look upon them as 
of later date, and intruded after the consolidation of the same. For this reason 
also I am disposed to look upon the belt of what is termed basaltic ash, and laid 
down as such in the latest edition of the maps of the Ordnance Geological Survey, 
merely as rocks decomposed #n stéu, in part consisting of decomposed igneous rock, 
and in part of the decomposed, previously altered sedimentary rocks in contact 
with same: believing that the present Rowley Hills have been exposed and laid 
bare by denudation of the strata, which I suppose to have originally covered them 
when they were an irregular mass of igneous rock imbedded in the strata, similar 
to what can be seen at Pouk Hill. The apparent height of the Rowley Hills, if we 
look upon them as a mass of igneous rock, as they until lately have generally been 
regarded, is quite deceptive ; the recent sinkings and cuttings having demonstrated 
that the igneous rock is but a superticial cap, at most of inconsiderable depth. 

The Netherton canal tunnel, which has been driven through the very base of the 
Rowley Hills from one side to the other, has shown that this cap of igneous rock 
has been erupted through a dyke not more than 8 feet wide, and which was the 
only one cut through in driving the entire length of the tunnel, and is apparently 
the only channel or conduit. The terme of basalt, greenstone, trap, white-rock 
trap, white felspathic rock, and locally, Rowley Rag, white horse, green rock, &c., 
have all been applied to these igneous rocks without much discrimination, and it is 
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to be regretted that in England much looseness prevails in the nomenclature of the 
plutonic rocks. A microscopic examination of the close-grained and more compact 
varieties, effects completely that which the naked eye can do in the case of the 
more crystalline and coarser-grained rocks, and shows them in every case to be 
composed chiefly of a soda-lime felspar (possibly labradorite), along with a small 
amount of augite, and a small amount of titanoferrite or titanite iron, which is 
never wanting. Other minerals are but seldom present, but traces of zeolites and 
carbonate of lime may occasionally be found, and ossibly a little olivine, though 
its existence is not as yet satisfactorily proved. The rock is therefore what may 
be termed a true dolerite, which consequently we must regard as being the sole 
igneous rock of the district. The presence of titanium is peculiarly constant 
wherever these rocks are found. However altered and decomposed their appear- 
ance may be, in the white rock, or in the red clay, on the slopes of the Rowley 
Hills, which proceeds from the disintegration of the igneous rock itself, there do we 
find the titantum, which thus furnishes an excellent guide for tracing out the con- 
nexion with the parent mass. I may mention that I have made very careful exami- 
nations to determine whether metallic iron existed in these rocks, as in the case of. 
the rocks of the Giant’s Causeway in Ireland, according to Professor Andrews, but 
with a negative result. 

The alteration in the external appearance of these rocks, which has so long led 
to the sup ition that they were so many distinct species, confounded under the 
names 0 Dacalt, greenstone, and white felspathic trap, is due in part to crys- 
tallization, in part to the action of water, and lastly, in some part also, to the fact 
that in the smaller veins and sheets the rock is generally found to contain some- 
what lesa felspar and more augite, apparently for the reason that the felspar, 
being the less fusible mineral, has a tendency to cool and become less fluid at a 
temperature at which the augite is perfectly liquid. There appears, therefore, to 
be a greater tendency for the felspar to retain itself like a spongy agglomeration 
of crystals in the main mass of the rock, whilst the more fluid portion travels 
further into the smaller chinks and cracks of the rocks. The so-called green rock, 
therefore, is in general more rich in augite of a green or brown- colour, and 
as it is generally much more crystalline and coarse-grained, might easily be mis- 
taken for a greenstone, without more minute examination. Commonly, also, it is 
found to be more decomposed than the main mass of rock from which it has pro- 
ceeded, for the reason that, having been injected between sedimentary strata, it 
absorbs water from these beds, or from the springs connected with them. This per- 
centage of water is frequently found to amount to 9 per cent., without much altera- 
tior of colour, due to the oxidation of the iron present in the augite. The so-called 
‘“‘ white rock,” or “white horse,” has gone a step further in decomposition—most 
probably due to the fact that it occurs in general in small veins or strings—and 
often has absorbed so much water as to be totally altered in appearance, as in the 
specimen here shown, which contains as much as 20 per cent. of water; and, in 
fact, at first sight, it looks more like a cla rock, or consolidated clay, and would 
not be taken for an igneous rock at all. If we, however, remember that all clays 
are nothing but decomposed felspar, and that this felspar constitutes, we may 
say, some four-fifths of the igneous rocks or dolerites here alluded to; it will be 
found easy to trace the change tn sttu from the unaltered dolerite to.the white rock, 
or even to the clay, which, in its turn, is produced from the disintegration of the 
white rock in turn. This I have observed in several open sections, where the 
contact of the Rowley Rag and coal-measures are observed near Dudley; and in 
the diagram shown, kindly lent to me by Mr. Beete Jukes for the occasion, and 
which is from actual survey of Mr. Beckett, and represents the white rock as seen 
in section in the thick coal at the Pensnett Colliery. Here the decomposition has 
as yet not gone quite so far as to obliterate the peculiar concentric structure cha- 
racteristic of decomposing igneous rocks of this class, well seen in the section. 
When in unaltered condition, the specific gravity of these rocks, when taken from 
the centre, or so far from the exterior as to be quite fresh, is wonderfully constant. 
From whatever part of the coal-field the specimen may be procured, it may be 
regarded as 28:4, and this agrees well with the usual titaniferous dolerites of this 
clase met witb in other countries. When altered, as might be naturally expected 


56 REPORT—1865. 


from the sbeorption of water, the specific gravity diminishes, and may descend to 
2°63 or 2°55. 

The internal columnar structure and the peculiar concentric weathering of these 
rocks have also been the subject of special study, and the results of the observa- 
tions made lead quite to disprove the evidence of any so-called globular structure 
in these rock-masses, but to prove that the columnar or so-called tic structure 
is due merely to mechanical cayises, ¢. e., the cooling of masses possessing a nearly 
homogeneous structure and subjected to the pressure of the surrounding or overlying 
strata ; and that the development of this columnar structure is in proportion as the 
rock is more fine-grained and less crystalline, or in other words more homogeneous. 
The sedimentary strata in contact are themselves frequently so altered by contact 
with the igneous rocks as to present in themselves a columnar structure or jointing, 
in some cases quite or even more perfect than the igneous rock itself; and a bed 
of clay-ironstone at Pouk Hill was found jointed into regular hexagonal columns by 
the heating and the subsequent cooling and contraction due to the proximity to 
the igneous rocks which form the basis of Pouk Hill. 


Ona New Wealden Saurian named Polacanthus. By the Rev. W. Fox. 


The author had discovered in the Wealden beds of the Isle of Wight, between 
Black Gang and Brooke, a new reptile of the Dinosaurian family. The only parts 
of the skeleton wanting are the head and neck. The animal was above 6 feet long 
from the shoulder to the sacrum, and was furnished with a massive tail 5 feet long. 
The legs were about 4 feet in length, terminating in broad short fect. This strange 
reptile was clothed with long armour-plates of bone, from } an inch to 4 inches in 
diameter, and about | an inch thick, that covered its body, with the exception of 
its back, which was protected by a great bony shield. Another remarkable cha- 
racteristic of this animal was a process of spine-like bones which ran along the sides 
of the body and tail, some of which are 15 inches long, and in weight 7 Iba. The 
remains of this fossil, as well as the Wealden formation from which they were ex- 
tracted, were examined recently by Professor Owen ; and with reference to the 
extraordinary nature of the spine-like bones, Professor Owen is of opinion that the 
most appropriate name for this new Saurian would be Polacanthus. 


On the Progress of the Imperial Geological Institute of the Austrian Empire. 
By W. von Harpincer. 


A concise history of the Imperial Geological Institute was given by the Director 
in the opening address of the 8th of November, 1864, comprehending fifteen years 
since its foundation in 1849, during the reign of the present Emperor, Francis 
Joseph I. During this time, the geological explorations of the country have gra- 
dually proceeded, s0 that 155 sheets of the Austrian Ordnance maps have been geo- 
logically coloured, 110 of them in the scale of 1: 144-000 (about 2} miles toan inch), 
and 45 in the scales of 1:288-000 and 1:482000 (nearly 43 and 7 miles to an inch), 
comprising, to more or less detail, all the provinces of the whole empire. Thirteen 
volumes of the Jahrbuch (Annals in 8vo) have been published, as also three volumes 
of Memoirs in 4to. Of the copies printed (1000 and 600), no fess than 800 and 840 
respectively are gratuitously distributed. A library is formed, containing more than 
13,000 volumes, also a considerable collection of maps, including nearly 4000 sec- 
tions. Tho comprehensive collections of minerals, rocks, and fossils are open to 
public inspection in twelve rooms of the Prince Lichtenstein’s palace, rented by 
overnment for the Geological Institute. 

During the vear 1864, moreover, an additional set of seven sheets of maps of the 
north-west of Hungary was completed, as also six sheets thoroughly revised of the 
difticult region of the sedimentary secondary rock of the north-eastern Alpe. 

The geo opiets of the Institute were again at work in the north-west of Hungary, 
proceeding from the sections gained the summer before in the direction tow 
the east. The whole of the classical country around the ancient mining centre of 
Schemnitz was this time the object of exploration. Among other interesting facts, 
it was ascertained that the metalliferous greenstone-trachyte was superincumbent 
on slates of the Werfen series, with Myacites fasecensis, Posidonomya Clare, &c. 
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Also other facts of undoubted superincumbence of the trachytic and basaltic rock 
upon certain tertiary strata, well characterized by fossils, were ascertained. Messrs. 
¥ von Hauer, Lipold, F oetterle, Dr. Stache, Baron von Andrian, Paul, were all 
engaged in this work, and beside them also a number of eight younger mining 
ineers. M. Wolf had to explore the neighbourhood of Toplitz for providing a 
sufficient supply of water for domestic purposes for that watering place, and then 
to continue his collections of trachytic types in Hungary and Transylvania. M. 
Stur had to compare collections of alpine fossils in Germany and Switzerland. 

The International Agricultural Exhibition at Cologne was opened on the 2nd of 
June. From the Geological Institute there was sent thither a newly constructed 
geological map of the Austrian Empire, along with an explanatory collection of 
rocks and fossils. It was rewarded with the gold medal. The collection was after- 
wards placed in the Museum of the University of Bonn. The geological map on 
the scale of 1:482-000 is now in progress of being reduced to the scale of 1:576-000, 
in which it is to be published in twelve sheets. 

A new Number of Dr. Hirnes’s Fossil Mollusca of the Tertiary Vienna Basin had 
likewise been published in the course of the year. 

Dr. Gustavus Lombe had completed an excellent memoir of the St. Cassian fossils, 
as also Prof. Charles Zittel, of Carlsruhe, on the Gosan Bivalves, taking as starting- 

ints our own rich collections of them. The memoirs are printed in our Academy's 
Transactions Under the superintendence of the Academy was likewise brought 
to light, of the Novara Publications, Dr. von Hochstetter’s second volume of New 
Zealand, containing the Paleontology, by Unger, Zittel, Fr. von Hauer, Suess, Karrer, 
Stoliczka, Stache, and Gustavus Jaeger. . 


Adiitional Observations on the Geology of the Lake Country. 
By Prof. Harkness, F.RS., F.G.S., and H. Nicuozson, 


The Skiddaw slates, the lowest member of the sedimentary rocks of the Lake 
country, have hitherto afforded many peculiar forms of Graptolites, a crustacean, the 
Caryocaris Wrightii, branching bryozoon, and tracks of worms, To these can now 
be added other fossils, namely, two trilobitic forms, Agnostes Morea, and a new 
species of Phacops. Besides these, a Lingula occurs in several localities in the 

iddaw slates, nearly allied to LZ. brevis. These fossils still further corroborate the 
inference that the lowest sedimentary rocks of the Lake District are referable to the 
Lower Llandeilo or Shelve group. 

They are succeeded, apparently conformably, by green slates and porphyries, the 
former having origina m ash-beds. Hitherto these green rocks have afforded 
no fossils, although they have been carefully looked into. As rocks of the same 
position and nature occur in the north-east of Westmoreland, among which is a 
well-marked fossiliferous zone, the authors were induced to examine a band in the 
Lake country, corresponding in position with the fossiliferous zone in the north- 
east of Westmoreland. 

This zone, which in the north-east of Westmoreland consists of dark grey flaggy 
rocks with distinct cleavage, lies upon a thick mass of porphyry, and is succeeded 
by a similar mass, separating it from the Coniston limestone, the north of England 
equivalent of the Bala limestone. The Lake country representative of this zone 
also occurs between two masses of porphyry, and consists of green slates which have 
been partially worked in some localities. ese slates exhibit no trace of fossils 
when first obtained from the quarries, in consequence of the cleavage intersecting, . 
at nearly right angles, the original bedding. On weathering, however, the lines of 
lamination become exposed, and among the débris of the quarries fossils ate seen 
which have a distinct Caradoc type. Onc of the localities affording these fossils is 
Style End Grassing, in Long Sleddale, and another is to the north-west of Sunny 
Brow, about 3 miles south-west of Ambleside. 

The rocks in the Lake district which overlie the Coniston limestone, namely, 
the Coniston flag and Coniston grits of Prof. Sedgwick, appear to occupy the 
whole of the area to the south-east of the Coniston Himestone band, where Silurian 
rocks occur in this country, except in the neighbourhood of Kendal. These Coni- 
ston flags and grite are intersected by north-east and south-west faults, such as 
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those described by Prof. Sedgwick as occurring to the north of Ulverston (Aberdeen 
Meeting of the British Association), and the result of these faults causes these rocks 
to occupy a large area in the south-east portion of the Lake country. These rocks 
in some localities afford fossils, and the fossils refer them to the Caradoc age. The 
Caradoc rocks in the north-west of England are therefore referable to three groups, 
ly, a lower group consisting of ash-beds and orphyriee, a middle series made 
up of limestones with shales (Coniston limestones), and an upper group com 
of grey, flaggy, and gritty rocks (the Coniston flags and grits). In the ) 
district there are no equivalents of the Middle Silurians, the Llandovery group, as 
no traces have been detected of the smooth Pentamer:, of Atrypa jsphertca, or of 
any other characteristic fossils of this portion of the Silurian system. The rocks in 
the neighbourhood of Kendal, from the nature of their fossil contents, are distinctly 
of the Ludlow age, and it does not appear that in the Lake country any portion of 
the Silurians are exhibited which lie between the Caradoc sandstones and the Lud- 
ow group. 

Besides the north-east and south-west faults before alluded to, and which are of 
an ancient date, as they not only do not affect the Upper Old Red Sandstones and 
the overlyin g Carboniferousrocks, but have had the irregularities resulting from them 
planed down before the deposition of the Old Red Sandstones, there is another 
series of faults of a later date, which affecta the Upper Paleozoic rocks. Along 
the lines of these newer faults, which have nearly a north and south direction, the 
most important of the Lakes occur. They give rise to the prominent north and south 
valleys, and in combination with the older system of faults, they produce in a great 
measure that bold and varied outline which gives eo much beauty to this portion 
of the north-west of England. 


On the Silurian Rocks of the Isle of Man. 
By Prof. Harkness, F.R.S., F.G.S., and H. Nicnotrson. 

The largest portion of the Isle of Man is occupied by rocks which have hitherto 
been regarded as appertaining to the metamorphic group. | 

These so-called metamorphic rocks form the cliffs and bold coast on the north- 
west and south-east sides of the island, and in the interior the mountainous portion 
of the country is composed of them. Exposures of these rocks are well seen on 
the coasts, but in the mountainous districts soil and peat to a great extent cover up 
the rocky masses. 

The old rocks of the Isle of Man are not, however, of a metamorphic nature, but 
consist of dark grey slaty beds, which in some localities assume a coarser nature, 
and sometimes put on the aspect of quartz rocks. 

These rocks, as they are seen in the neighbourhood of Douglas, dip south-east, 
and this dip continues, with some local variations, as seen along the coast, to Moar 
Creek on the south side of Maughold Head. On the north-west side of Moar 
Creek directly opposite dips occur, namely, towards the north-west, and in this 
locality the prominent axis which intersects the older rocks of the Isle of Man, and 
which has a north-east and south-west course, is seen. On or near the line of this 
axis, near Maughold Head, veins of hematite occur, which appear to have a direc- 
tion co onding with that of the axis. ; . 

The anticlinal axis can be seen on the opposite or south-west side of the island 
at Port Erin, to the north of which, along the coast, north-west dips prevail, until 
the older rocks are seen passing der the Old Red Conglomerates in the neigh- 
bourhood of Peel. South of Port Erin the inclination is towards the south-east, 
and this inclination obtains, with local exceptions, where the older rocks occur, 
along the coast to Douglas Bay. _ 

There are two localities in the Isle of Man where the dark grey slates exhibit 
strata of a different nature upon them. These are Douglas Head and Bank How. 
The rocks here have a green colour, are distinctly bedded, and, at Bank How, have 
porphyries overlying them. These green rocks are conformable upon the dark grey 
slates. Their line of strike connects those seen at Bank How with those of Douglas 
Tiead; and between these two headlands, which form the north-east and south- 
west boundaries of Douglas Bay, the same rocks are seen forming the reef known 
as the Conistor rocks, upon which the Tower of Refuge is built. 
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There are no other rocks in the Isle of Man of an age intermediate between 
these green rocks and the Old Red Sandstone. 

The dark grey slates and the green rocks, both in mineral character and arrange- 
ment, represent the Skiddaw slates and the succeeding green slates of the Lake 
country, and an extension of the strike from the Skiddaw country would place the 
old rocks of the Isle of Man also in the same line. These old rocks of the Isle of 
Man must therefore be considered as belonging to the Lower Silurian group. 


On the Metamorphic Rocks and Serpentine Marbles of Connemara and Joyce’s 
Country. By Prof. Harxness, F.2.S., F.G.S. 


These rocks, forming a portion of the south-west of Ireland, have on their suuth 
side the granitic area of Galway, on the north of which an extensive development 
of gneissic rocks occurs. These gneissic strata have an east and west strike, and, 
although greatly contorted, have a prevailing south dip. Coming out from beneath 
them conformably, is a band of limestone, greyish in colour, and subcrystalline in 
nature. This limestone, in some localities, is highly serpentinous, and yields the 
green marble of Connemara. This green marble 1s most abundant where the lime- 
stone is highly inclined and greatly contorted. The limestone reposes conformably 
upon quartz rocks, the latter giving rise to the bold scenery of Connemara. The 
mode of arrangement of the metamorphic rocks in this portion of Ireland corre- 
sponds with that of the Highlands of Scotland; and these metamorphic rocks of 
Ireland are the equivalents of the upper quartz rocks, upper limestones, and upper 
or flaggy gneiss of Sir R. Murchison, being members of the Lower Silurian group. 

It has been stated that the Connemara marble affords Eozoon Canadense, a reputed 
organism of the Laurentian rocks of Canada. 

he structure in the serpentinous limestone which has given rise to this state- 
ment, the author believed to be of a purely mineral nature, resulting from asbestos 
and tremolite which have formed in cavities as crystalline skeletons upon which 
serpentine has been subsequently deposited. 


On the Pre-Cambrian Rocks of Central England. 
By Harvey B, How, M.D., F.G.S. 


In this communication the author discussed the age of the crystalline rocks which 
form the narrow ridge of the Malverns, as also those smaller protrusions which pierce 
the Cambrian rocks and Keuper marl of Charnwood Forest. In their profoundly 
altered aspect, in the abundance of triclinic felspar, in the prevalence of hornblende 
as one of their ingredients, and in their general deficiency in free silica, the rocks 
in both these localities, though separated by a distance of 60 miles, have neverthe- 
less a character in common. In the Malvern district they extend for about 8 miles 
due N. and §., and are again exposed further to the north, near Martley, making 
altogether nearly 16 miles for the entire length of the known area occupied by these 
rocks, but nowhere does it exceed 2 of a mile in width. The dominant trend of the 
bedding is from S.E. to N.W., é.e. obliquely across the ridge; hence we learn 
that the area which these rocks occupy 1s only an uncovered portion of a much 
larger one, and it is not possible, therefore, to form an estimate of their thickness, 
beyond the general one thet it ia very great. Aa far as they are exposed, they consist 
for the most part of alternative belts of micaceous and hornblendic gneiss and schist, 
the foliation of which corresponds with the plane of the bedding. With these are 
interstratified belts of coarse, rudely-bedded granite, and of various granitoid and 
gneissoid rocks, especially towards the northern extremity of the range, with much 
coarse-grained diorite, and some subordinate beds of crypto-crystalline rock, which 
have no very definite character. These rocks are traversed by numerous quartzo- 
felspathic veine, and by trap-dykes (diabase) of later date *. 

In the Charnwood Forest district the rock is more massive, and the bedding for 
the most part effaced. At Mount Sorel the rock is entirely granite, and is composed 
of dark-coloured, ferro-aluminous mica, and a pale pinkish, subtranslucent, triclinic 

* For a fuller description of these rocks, see the author’s paper ‘‘On the Geologica 
Structure of the Malvern Hills and adjacent district,” in Quart. Journ. Geol. Soc. for Feb 
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felspar, with a variable proportion of quartz; and is remarkable, inasmuch as it in- 
cludes masses varying in size from a walnut upwards, of a finer-grained and other- 
wise dissimilar rock. In the great quarries near the village of Mount Sorel it is 
impossible to distinguish satisfactorily the bedding from the join but south of 
Quorndon an east and west strike is observable. As in the Malverns, the rock is tra- 
versed by trap-dykes, one of which may be seen near the Windmill, and another in 
& quarry on the road which skirts Baddon Wood. At Kinchley Hill the rock con- - 
tains hornblende as well as mica, and proceeding southward, at Bazil Wood, some 
large-grained diorite is seen associated with ite, both coarse and fine-grained, 
which latter is succeeded by purplish-brown, fighly micaceous, crumpled schist and 
gneissic rocks, having an east and west strike. 

Other protrusions of these crystalline rocks occur in the neighbourhood of New- 
town Linford, Grooby, Markfield, Hammercliff Hill, &c. In these kmolls the rock 
contains hornblende in place of mica. The felspar is partly of a pale greenish colour, 
and uncleavable, and partly triclinic, having the same pinkish, subtranalucent ap- 
pearance as that of the granite of Mount Sorel. Quartz is either absent altogether, or 
_ occurs in small proportion only, and occasionally, as near Grooby, the rock contains 
epidote. Although similar in mineral composition, these rocks vary slightly in their 
general appearance, according to texture and to the relative proportions of their 

ornblende and green felspar, forming parallel belts or beds of rock of somewhat 
dissimilar aspect, which on the north and west of Grooby may be seen to trend 
from W.N.W. and E.S.E. to N.N.W. and 8.S.E.; but further westward, as at 
Markfield and Cliff Hill, the rock is more uniform in structure, and the direction of 
the strike cannot be determined satisfactorily. At Hammercliff Hill part of the rock 
is dark-coloured, from the abundance of hornblende it contains. 

The Lower Cambrian rocks, through which these knolls protrude, have been up- 
raised along an anticlinal axis, which extends N.N.W. and SE. from Whitehorse 
Wood to Holgate Lodge. From this line the rocks dip away to the N.E. and S.W., 
at angles varying from 30 to 60 degrees; but from this general direction of the 
dip there are many local deviations. In appearance they resemble precisely the 
Lower Cambrian rocks of Wales, and consist of purplish, blue, and green slates, 
with grits and conglomerates, and interstratified beds of volcanic porphyry and ash. 
These latter are well seen in the high ground which extends from Hobs Hole to 
Green IIill, at Bardon Hill, Birch Wood Hill, and slong the ridge which stretches 
N.N.W. from Bradgate Park. Encircling this small area of exposed Lower Cam- 
brian rocks are the Keuper marls, which rest on them horizontally, except on the 
north, where the underlying sandstone (Water-stones) intervene the marl and the 
Cambrian rocks; and, as observed by Mr. Howell, “it is worthy of notice that the 
marl contains fragments and bouldersof the older rocks where in contact with them”’*. 

In the Malvern district the oldest overlying rocks are referable to the of the 
Middle Lingula flags, which rest unconformably on the gneissic rocks of the hills; 
and in the shallow-water condi(ions under which their lowest beds were accumu- 
lated, and in the successive overlap of the succeeding ones, we learn that the meta- 
morphic rocks formed land in the Lower Cambrian sea, and that an interval of un- 
represented time preceded the deposition of the Malvern Lingula flagst. 

ow, with respect to the age of these quasi-syenitic and granitic rocks of Charn- 
wood Forest and its vicinity, their massive and highly crystalline condition might 
countenance the view that they had had an igneous origin, although they show, 
here and there, undoubted traces of stratification, without any change in mineral 
character; but assuming for the moment that they have had this origin, there is a 
total absence of any evidence of heat-action upon the contiguous Lower Cambrian 
rocks, and we may therefore conclude that the latter had no existence at the time 
of their eruption. On the other hand, regarding them as metamorphic, their mode 
of occurrence with respect to the Cambrian rocks, and the circumstance that some 
of the grits contained in the latter, as, for instance, that near the windmill north of 
Markfield, are made up of rounded grains of felspar, hornblende, and quartz, tends 
equally to show that they existed before the era of the Lower Cambrian rocks. 


* Memoirs of Geological Survey. Explanation to Horizontal Section, Sheet 48. 
t Sco further, the paper already quoted in Quart. Journ. Geol. Soc. vol. xxi. part 1. 
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That the of the metamorphic rocks of the Malverns is earlier than that of 
the Hollybush Sandstone (Middle Lingula-flags) is clear, inasmuch as the latter 
rests unconformably on their upturned edges. Jiow much older may be inferred 
from the fact that between the period of the accumulation of the sediments from 
which these metamorphic rocks were derived, and that of the overlying sandstone, 
there took place all those changes which gave to these sediments their crystalline 
structure, and which involve the lapse of a long interval of time ; for profound me- 
tamorphism of rocks over a area is never solely due to the intrusion of erupted 

but is always the result of a widespread and general cause, %. ¢., the broad 
depression of the area to within the influence of the earth’s internal heat; and in 
this change of level and subsequent reelevation of the area and uptilting of the rocks 
into highly inclined positions, and in their still later invasion by trap-dykes (all of 
which events were ed prior to the period of the Ifollybush Sandstone), we have 
& measure, as it were, of the length of this interval. 

It is highly probable that the intrusion of some of the associated igneous rocks, 
aa, for instance, the diorite, and possibly some of the granite, may have been contem- 

raneous with the metamorphic action ; having taken place into fissures and chasms 
in the crust while depreased and still in a heated state, judging from their coarsely 
crystalline condition at their line of contact with the metamorphic rocks, and espe- 
cially in the smal] granitic and other veins*. But as regards the trap-dykes, both in 
the Malvern district and at Mount Sorel, they were evidently of later date, as shown 
not only by their mode of occurrence, but by their amorphous or minutely crystalline 
condition at their margins and in their offsets, consequent upon their having come 
into contact with rocks in a cool state, and capable of rapidly abstracting their ‘‘ heat 
of fluidity. 

Whether or not certain associated granitic rocks be metamorphic or igneous, is 
not now, however, a question for consideration, as in either case they are equally 
pre-Cambrian in age. 

As already stated, the metamorphic rocks of the Malverns were upraised prior to 
the era of the Hollybush Sandstone. They constituted in fact a mountain-range, 
the crest of a slowly subsiding area of emerged land, during the period in which the 
Lower Cambrian rocks of Charnwood Forest and the Longmynds were being de- 

ited, and as this subsidence went on, higher beds were brought consecutively 
into direct contact with the metamorphic rocks, until finally, at the close of the 
Lingula-flag epoch, the area may have been nearly or entirely subme and 
covered up. ere thus occurred a blank in the sequence of sedimentary deposits, 
the result of the reverse of that change of level which gave rise to metamorphism, 
and which attends the accumulation of sediments, viz., @ local elevation of the crust, 
and emergence of the area from which the next overlying formation isabsent. As 
these blanks or gaps belong to all ages, it follows there must always have been 
areas of dry land; and as the mean sea-level, and therefore the relative proportions 
of dry land and water, probably never varied very greatly, there must have been 
eme land in Lower Cambrian times over areas equal to at least a fifth of the 
earth's surface, on which no deposition was taking place, forming breaks in the se- 
quence of formations to which pre-Cambrian rocks formed the floors. From this 
emerged land were derived the sediments that accumulated in the Cambrian seas, 
The absence of the Lower Cambrian rocks from the Malvern district, therefore, 
has no greater significance than the absence of the Carboniferous limestone from 
beneath the Coal-measures of Bewdley or of Newent, or of the Old Red Sandstone 
from the area of North Wales. 

But at some time after the close of the Lingula-flag period, and between it and 
the _ epoch of the May Hill Sandstone, the Malvern area was again elevated, as may 
be inferred from the total absence of the Llandeilo, Caradoc, and Lower Llandovery 
rocks, and from the tilted position of the Lingula beds, on the denuded surfaces of 
which the May Hill Sandstone rests, dipping to the westward at a lower angle than 
the beds which underlie it. Again, at the close of the Lower Old Red Sandstone 
period, the ridge was upraised, as seen in the absence of the Middle Old Red Sand- 

* It is equally probable, however, with respect to the diorite, that ita coarsely crystalline 
stracture may be due to the action of heat on rocks having the same composition that pre- 
existed the metamorphism of the area, er. gr., traps and some lava beds. 
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stone (Glyptolepis beds of Scotland), from the adjacent district, and in the attenu- 
ation of the Upper Old Red (Devonian beds), the Carboniferous limestone and 
Millstone-grit in the direction of the Malverns. And lastly, in the unconformable 
ition of the Coal-measures, both on the north and south of the range, and of the 
ermian breccia to both the Coal-measures and overlying Trias, we have further 
evidence of repeated oscillations of level. 
- Similar changes of level affected the Cambrian area of Charnwood Forest. The 
Upper Cambrian and the whole of the Silurian and Old Red Sandstone systems are 
entirely absent. It was dry land in early Carboniferous times, as pointed out by 
Professor Jukes. Itwas subsiding, however, throughout the latter part of that epoch, 
and continued to do so until the close of the era of the lower Coal-measures. The 
upper Coal-measures are not known to occur in the neighbourhood with certainty, 
at least the evidence of their Presence is not conclusive, and the Permian system 
not nearer than Ashby-de-la-Zouch, where some “meagre traces” are supposed by 
Mr. Hull* to occur, forming marginal outliers of the formation. Be this as it may, 
the area was certainly upraised, and was probably dry land in the early Triassic sea, 
as shown by the shallow-water conditions whic prevailed at the commencement 
of that period, and by the gradual subsidence of the area which followed during 
which the Keuper marls closed over it. 


Remarks on the Geology of Parts of the Sinaitic Peninsula. 
By the Rev. W. Horiann. 


The peninsula is composed of three geological elements. The first and most ex- 
tensive is the northern table-land of limestone, the Desert of the Tih. The next, 
the sandstone formation—the great mining district of the Egyptians. The third, 
the granite formation, which included the greater part of the south of the Peninsula. 
Further, the raised beaches, especially on the western side, are of great interest. 
The author had obtained specimens of existing shells to the north of Tor, at a height 
of 20 to 80 feet above the present level of the sea, and large blocks of coral occurred 
at a still greater elevation. He had also shells from the old bed of the Gulf of 
Suez, a few miles south of the ruins of Serapeon. In following the proposed line 
of the maritime canal from Lake Tinsall to Suez, he found the desert quite white 
in many places with beds of shells, and in one for nearly four hours he was 
walking across a bed of solid rock-salt, about 4 feet in thickness. 


Fossil Footprints in the New Red Sandstone at Brewood, near Wolverhampton. 
By the Rev. H. Housman. 


Notice of the Occurrence of certain Fossil Shells in the Sea-bed adjoining the 
Channel Islands. By J. Gwrn Jerrreys, F.R.S. 


In the course of his dredging explorations this year among the Channel Iales, 
Mr. Jeffreys found shells of species, some of which are extinct, and one is not 
known to inhabit at present the North Atlantic. They were taken with living 
mollusca, at depths varying from 12 to 20 fathoms, and in different parts of the 
sea-bed. The specimens in question had the same appearance as dead shells of 
recent species ; one of them was in a most perfect state of preservation, and evi- 
dently had not been rolled or transported to any distance from its original place 
of habitation. They consisted of Potamides tricarinatus, Lam., and P. cinctus, 
Lam. (both Eocene ossils), a species of Terebratula (or Terebratulina), which Mr. 
Davidson referred with doubt to 7. sguamulosa of Baudon (from the Calcaire 
Grossier), and Rotalta (Discorbina) Trochidiformis of La , also an Eocene 
fossil, but larger than specimens from the Bracklesham beds. No tertiary de- 
posit has been noticed in any part of the Channel Isles; but the discovery of the 
above-mentioned fossils in the adjoining sea-bed, occupying an intermediate posi- 
tion, would seem to connect this district with Hampshire and Normandy, and to 
show the great extent of the Eocene basin or area which formerly existed. Another 
species obtained by the same dredgings, near Jersey, was Cerithium vulgatum, 


* Geology of Leicestershire Coal-Field, p. 57. 
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Bruguiére. Several specimens were found, one in a tolerably fresh condition. 
This species inhabits the Mediterranean and Adriatic, throughout many parts of 
which it is most abundant. It does not appear that living specimens have ever 
been found elsewhere, although Lamarck gave the North Atlantic as a locality. 
M. Cailliaud, of Nantes, included C. rulgatum in his list of Mollusca from the Dé- 

artement of Loire-Inférieure, having frequently met with shells thrown up on the 

each; and Professor Sara recorded the discovery of a specimen inside a codfish 
caught off Bergen. Mr. Jeffreys believed that C. vulgatum, which usually inhabits 
large estuaries and salt marshes, once lived in such situations between Jersey and 
the mouth of the Loire, and that this tract has since been submerged, and conse- 
quently become unsuitable for the continued habitability of the Cerithium. The 

resence of submarine peat near the Channel Isles and in the Bay of Mont St. 
Michel, tends to confirm the supposition ; although it is by no means certain that 
the submergence has occurred within the historical period, as suggested by the 
Abbé Manet, Mr. Peacock, and others*. 


The Extent and Duration of the South Staffordshire Coal-feld. 
By H. Jonson. 
Both the extension and duration of this coal-field are questions open to a ve 


t difference of opinion ; and it is to the confines of the present coal-tield that any 
opes for fresh sup ies can be looked for. On all sides of the coal-field explorations 
are being success ly carried on, with perhaps the exception of the eastern boundary 
on the Birmingham side ; but the great depth at which the thick coal has been last 
worked in the neighbourhood of West Bromwich (about 400 yards) has probably 
retarded explorations. The result of operations going on in other portions of the 
field is looked forward to with great interest, as a ording 8 warrant for an attempt 
to reach the coal through the Permians at Smethwick and Harborne. During 
the last ten years, a great number of new winnings have been made in the Can- 
nock Chase district, at Aldridge, Himley, and other places; but the most im- 
portant recent trial sinkings are those on the south end of the coal-field, in the 
neighbourhood of Hales Owen, Congreaves, Cradley Park, and Wassel Grove. In 
the event of those at Hales Owen and Wassel Grove discovering the thick coal— 
both looking promising, and now sunk about halfway—more than 4000 acres of 
the thick seam may be considered proved, and this assurance will, no doubt, give 
a fresh impetus to additional search further south. A scheme for proving the 
continuity of the coal-field underneath the Permian on the down-throw side of 
the Great Western boundary-fault at Essington is now in course of formation. 
It is proposed to form a fund, by subscription, from all the adjoining landowners 
likely to be benefited. 1t is proposed to drive from the existing workings on the 
upthrow side, at a depth of about 200 yards, across the fault into the Permain 
district, and then to bore up or down to discover the position of the coal-measures 
underneath. There is, however, a more comprehensive scheme for exploring the 
whole Permian districts lying between the South Staffordshire coal-field and the 
Warwickshire and Shropshire coal-fields. To attempt to estimate the probable 
duration of the coal-field whilst these important additions are being added, would 
be impossible but it may be observed that such additions are not keeping pace 
with the enormous consumption and consequent rapid destrnction of the parent 
portion of the coal-field. a valuable paper by Mr. Matthews in 1860, he esti- 
mated the then duration of all parts of the coal-field at an average of about forty 
ears. There can be no doubt but that in one-half that number of years a very 
arge Portion of the earlier-developed part of the coal-field will be totally and for 
ever exhaus 


On the Silurian Rocks and Fossils of Dudley. By 0. Kertry. 
This paper has special reference to the proper classification of the bed of shale 
which immediately overlies the Wenlock limestone of Dudley, and which has 


® Fossil shells procured by Mr. Jeffreys in his Shetland ings were of Arotic and 
high northern species ; those now obtained were tropical of sonthe 
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ielded some of the most interesting and besutiful of the organic remains of the 
U er Silurian rocks. 

ts relative position may be seen by reference to the Geological Survey, Hori- 
zontal Sections, sheet 24, section 2. 

There is no natural section of it, but it has been exposed at several places 
by sinkings and excavations, and is now seen in a cutting at the Dudley Railway 
Station. In the same cutting, near the Trindle, there formerly existed a section 
showing the coal-measures resting on the shale, and showing also a cliff in the 
shale, but that section has been obscured or destroyed; it is, however, well- 
figured in Prof. Jukes’s ‘South Staffordshire Coal-field.’ 

By some authorities this shale is classed as Ludlow, by others as Wenlock. 

Sir R. I. Murchison in ‘Siluria,’ Mr. Salter in his ‘ British Trilobites,’ and the 
Dudley Geological Society, in their Reports, have placed it in the Ludlow series. 

Prot Jukes, in his ‘ South Staffordshire Coal-fie d,’ mentions it as belonging to 
the Ludlow, but in another part of the same work shows it to belong to the Wenlock. 

The Geological Survey Map and Sections have it coloured as Wenlock shale, 
excepting a recent edition, in which it is coloured as Lower Ludlow. 

In the Jermyn Street Catalogue, lately published, the localities of the Silurian 
fossils from the Dudley rocks, including those from the shale in question, are 
given as Wenlock. And Prof. Morris, in his ‘ List,’ published in the first volume 
of the ‘ Geologist,’ gives the “localities and fossils of the Lower Ludlow,” but 
does not include Dudley or the Dudley shale in his “ localities,” nor the charac- 
teristic species of this shale in his “ fossils.” Of its many Trilobites, not one 
is shown. 

In ‘Siluria’ it is stated that “from the physical relations of this shale, and from 
its forming usually a part of the same hills as the mass of the Ludlow rocks, it is 
classed with that formation; though in reality it is only an intermediate band 
intimately uniting the Wenlock and Ludlow, and is almost equally connected with 
both by structure and fossil contents.”’ 

As to fossil contents, the materials for examination have greatly increased since 
the passage in ‘ Siluria,’ above quoted, was written. The fossils from the Up 
Shale then available would be derived principally from one locality only, 
and consisted, for the most patt, of species of the classes Lamellibranchiata and 
Cephalopoda, in which the Ludlow rocks are so prolific, but of which many are 
found also in the Wenlock limestone. Besides these, however, this shale, examined 
in other places, is found to contain most of the Zoophyta, Crustacea, B 
Brachiopoda, and Gasteropoda, all so common in the Wenlock limestone below it, 
but so meagrely represented in the typical Lower Ludlow rocks of the Ludlow 

istrict. 


In illustration of this, lists of the principal fossils are appended ; a summary of 
which shows that of Coraxs this Upper Shale has twenty seven species, of which 
twenty-three are found in the limestone below ; but none of them are found in the 
typical Lower Ludlow rocks of the Ludlow district. 

Of TniLosrrss, the Upper Shale has twenty species and su ies, fourteen of 
which are also in the limestone below. The Lower Ludlow of Ludlow district 
has eight species, four of which are also in the Upper Shale and the Wenlock 
limestone ; and of the remaining species, three are in the Upper Shale, but not in 
the limestone. 

Of the BRAcHIOPODA, the Upper Shale has twenty-nine species, twenty-four of 
which are also found in the limestone below. The Lower Ludlow of Ludlow has 
ten species, of which six are common to the limestone, Upper Shale, and Lower 
Ludlow, and two of them to the Upper Shale. 

Does it not thus appear that the fauna of this shale has, on the whole, a closer 
relationship to that of the Wenlock limestone below it, than to that of the Ludlow 
rocks above P 

° The highest authoritiee—both Sir R. Murchison and Prof. Jukes—consider 
this shale to be lithologically undistinguishable from that below the limestone. 

And while it overlies, and is conformable to the Wenlock limestone, it is not 
found to have any of the Ludlow beds deposited upon it. This is clearly shown 

‘in Jukes’s ‘South Staffordshire Coal-field,’ thus:—“The uppermost member of 
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C or wot 
the Silurian formation, the Ludlow group, is only found on the da 
the main of the coal-field. If we draw a nearly uorth and soutl® 
ing from Ettingshall Park Farm, running between Lurst ITill and Sedgley on, 
and contiuue it down through Cradley to the south, we find that to the west of 
that line, wherever the Silurian rocks rise to the surface, namely, at Sedgley, at 
Turner's Hill, and at the Lye Waste, they consist of the Ludlow or upper divi- 
sion, while all to the east of that line, wherever the Silurian rocks rise to the sur- 
face, or have been reached by shafts through the coal-measures, they consist of the 
Dudley and Wenlock division.” 

All the localities of this shale are east of this line, and accordingly it belongs 
to the Wenlock series. : 
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Annelida from Guernsey. 
By ¥E. Ray Larxesrer, Scholar of Downiny College, Cambridge. 

This paper contained an account of the Annelids and Turbellarians obtained b 
the Drelging Committee in Guernsey. The author had been able to distinguis 
seventy-seven species from this coast, of which four at least, belonging to the 
Polynoina, were new to science; others not previously obtained from British loca- 
lities were also in the list of the new species; one, a Halosydna, the author named 
after Mr. Jeffreys, the other forms were also named and characterized ; Harmothoé 
Sarniensis waa remarkable for its unusual development of elytra, which were twenty 
pairs in number. 


On the British Species of Cephalaspis and the Scotch Pteraspis. 
By E. Ray Lanxesten. 
The author stated that he had acquired a very large mass of evidence by the 
assistance of various friends, particularly Mr. Powrie, of Roswallie, Forfar. m 
these specimens he concluded that there were at least five British species of Cephal- 
aspis; and they were—C. Lyellii of Agassiz, confined to the Scotch beds (which are 
very low), and perhaps occurring also in the passage-beds of Herefordshire, as ° 
C. ornatus, a form only known by fragments; C. Murchisoni of Egerton, from the 

-beds of England; C. asterolepis of Dr. Harley, a well-marked form found 
in the cornstones; C. Salweys of Egerton, also well characterized; and lastly, the 
species common in the English cornstones, which appears to differ considerably . 
from C. Lyellis, ag the author showed. This species will be named, and other de- 
tails given, in the monograph on these fishes in which Mr. Lankester is engaged in 
conjunction with Mr. Powrie. 


The Relatwe Extent of Atmospheric and Oceanic Denudation, with a parti- 
cular reference to certain Rocks and Valleys in Yorkshire and Derby- 
shire. By D. Macxrntosn, F.G.S. 


The object of the author was to show that most of the cliffs, projections, and 
pillars of rock hitherto attributed to weathering, are really due to the former action 
of the sea during the last great submergence of the land. Many of the - 
ments or cliffs of Yorkshire and Derbyshire present evidences that they could only 
have been formed by the battering, undermining, and displacing agency of the 
sea. ‘“ The multitudes of scattered blocks and fragments B uently found lying 
under escarpments, do not in general present the appearance of their having fallen 
since the last emergence of the land. They exist in too great numbers, at too great 
s distance from the parent cliff, or arranged in such positions as to point to the pe- 
culiar action of the sea.” The Brimham rocks, nine miles from Harrogate, “ fringe 
an eminence which a geologist can scarcely err in regarding a3 an upheaved 
island, partly spared, and partly wrecked by the sea... . The shapes of most of 
the rocky pillars at Brimham must have originated in the jointed structure of the 
millstone-grit strata of which they are the remains. The passages between them 
have evidently been chiefly excavated by the displacement of blocks, and not so 
much by disintegration. Some of the rocks have been more or less smoothed and 
rounded; but a little practice will enable a geologist to distinguish between the | 
effects of frost and rain, and the shapes communicated to rocks by waves tides, 
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and currents. The stones from New Red Sandstone quarries, of which many old 
churches have been built, furnish fa [pecimen, of atmoepherie , namely, a 
very irregular pitting OF roughening of the ace, without any spectal or defer- 
ménate shape being produced....Some of the Brimham rocks furnish evidencee 
of their having been shaped by a cause forcibly propelled in a particular direction, 
so as to wear away soft and hard parts alike. Many of them present forms which 
show that they have resisted atmospheric action since they rose above the sea. 
Numerous blocks may be seen with angles nearly as sharp as when they were 
originally displaced, and the sides of many pillars, assagee, and crevices reveal the 
jointed surfaces of the rocks as fresh-looking as when the displacements and rents 
occurred. ... At Brimham there are appearances which car only be explained by 
marine ncy. First, a line of cliff extending along the western and north- 
western side of the eminence. A detached of this coast-line, behind Mra. 
Weatherhead’s house, shows a projecting ed rock which a geologist familiar 
with sea-coast scenery could have no more hesitation in referring to oceanic action 
than if he beheld it still whitened by the spray. Further to the north, thie line 
of cliff, in some places nearly 100 feet high, shows many of the more striking 
characteristics of a modern sea-ceast. Here an immense block of millstone-gnt 
has tumbled down through an undermining process,—there a block seems ready to 
fall, but in that perilous position it has probably remained since the close of the 
intraglacial or ice-floe period. On the top of this old sea-cliff, and extending for 
a considerable distance inland, may be seen the rocky pillars which form the main 
attraction of Brimham. They present resemblances to mushrooms, tables, anvils, 
and trees. Generally speaking, they are t at the top, and smallest under- 
neath. The Idol Rock, which is about 20 feet high, and upwards of 40 feet in 
circumference, rests on a pedestal varying from about 3 feet to little more than 
18 inches in diameter. The undermined appearance presented by this and other 
rocks at Brimham, can only be explained by the laterally-operating agency of the 
ocean. ... Rain, assisted by detached pebbles of quartz, may have excavated some 
of the rock-basins occurring on the upper surfaces of rocks. But at Brimham we 
find basin-shaped hollows underneath rocks (the double basin, with a supporting 
pillar, called the Kissing Chair, for instance) in situations to which the sea alone 
could have gained access. ... The Rocking-stones at Brimham present every indi- 
cation of their being nearly in their origi a positions. At one time they must have 
formed a continuation of the beds of millstone-grit, of which they are now only 
the remains. The adjacent blocks or particles would appear to have been carried 
or washed away, and the line of bedding between each rocking stone, and the block 
beneath, must have been widened by the insinuating and erosive action of the 
waves, 80 as.to leave it with a sufficiently slender support to allow it to be easily 
set in motion.” Mr. Hull, in the Quart. Journ. of the Geol. Soc. (Aug. 1864), 
has given an account of similar “sea-shore rocks’ as occurring in “ multitudinous 
assemblages’ on the Peak Mountain in Derbyshire. To the observations of Mr. 
Hull I would add, that as these rocks are found at an elevation of about 2000 
feet above the sea, and in the most exposed situation, no one can say that the atmo- 
sphere has not there had a fair chance of competing with the sea as a denuding 
agent. But it would a that many of the monuments the sea left behin 

it thousands, if not hundreds of thousands of years ago, have ever since mocked 
the effects of rain and frost ; and if the sea-shore rocks of Brimham, the Peak, and 
numerous other parts of England have retained their wave-worn shapes for so long a 
period, what is to hinder them, secure within their mossy armour, from continuing 
to resist the storm and the waterspout until the sea shall again claim these monu- 
ments as its own, and decompose them into the foundations of future continents. 


The Red Sandstone of Nova Scotia. By the Rev. A. W. M'Kay. 


Theee are the newest rocks known within the colony, if we except the boulder- 
drift. They are limited in their range to the neighbourhood of the Bay of Fundy. 
The colony of Prince Edward Island consists wholly of them. Here they are 
thicker and more compact, and are extensively used for building purposes. In 
Nova cotia this is never the case, on account of their sofiness and brittlenees. 
They are found chiefly in the Valley of Kings and Annapolis counties, bounded 
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on one side by the range of high hills known as the North Mountain, and on the 
other by the northern termination of the hills of the Devonian series. They un- 
derlie one of the most fertile districts in the colony. 

There are evidences in this locality of extensive denudation. The sandstone is 
found high up on the sides of the abrupt termination of the trap hills already: 
referred to, and is mingled with the igneous rocks on the face of Cape Blomidon, 
far above the level of the surrounding country. an 

They have not been found in Nova Scotia to contain any fossil remains. In 
Prince Edward Island there have been obtained from them some specimens. of 
fossil wood, and the jawbone, together with seven teeth, of a Saurian reptile, 
named by Dr. Leidy, of Philadel hia, Bathygnathus borealis, These would appear 
to point to the Permian period of Europe as the probable time of its formation. 

his is confirmed from another source. The trap sasociated with them waa 
upheaved after the whole formation had been deposited. This trap seems to be 
of the same age as the trap of New Brunswick and that of the Alleghany Moun- 
tains in America, an extension of which runs eastward through Lower Canada as 
far as the Bay of Chaleur, where there is found associated with it red sandstone beds 
similar to those described above. The red sandstone of the Connecticut river- 
valley was deposited after the upheaval of the Alleghany Mountains, for it rests 
unconformably upon the upturned edges of earboniferous strata disturbed by the 
igneous outburst. It necessarily follows, therefore, that the red sandstone of the 
eastern provinces and those of Connecticut are of different ages, the former being 
earlier, and the latter later, than the trap hills and mountains referred to. The 
red sandstone of Nova Scotia was first deposited, then followed the trap up- 
heaval, and when the disturbance had subsided, the red sandstone beds of Con- 
necticut were laid down. . 

The colour of these beds seems to be derived from the iron contained in the 
neighbouring metamorphic rocks. It occurs in these latter in three different forms. 
1. There is a quantity of it distributed generally throughout the slate and shale, 
of which these strata are composed ; S. there are velns and beds of specular 
iron ore, a8 in the Devonian rocks of Nictaux; and 3. it occurs in the shape of 
bisulphide of iron or iron pyrites. When these metamorphic rocks were worn 
away, the iron set free was oxidized by contact with the atmosphere, and mixed, 
up with sediment as it was laid down. 


On some Fossiliferous Strata occurring between the Bunter Sandstone and 
Mountain Limestone of the Vale of Clwyd, North Wales. By Grorex Maw, 
ESA., F.GS. & PLS. 

The Ordnance Geological Survey map places the Bunter sandstone, occupying the 
vale of Clwyd throughout its boundary, either adjacent to the mountain limestone, 
or to the Denbighshire shales and grita, In several places along ite eastern side strata 
intervene, consisting of mottled sandstones, variegated shaly marls, containing plant 
remains and dark micaceous sandstones. The marly shales abound with plant im- 
pressions, which Mr. Etheridge, paleontologist to the Survey, considers to be of a: 

ermian , and unlike carboniferous forms. These beds are for the most part 
conformable to the mountain limestone, dip ing unconformabiy under the brick-red 

Bunter sandstone towards the vale of Clwyd. In lithological aspect they strongly 

resemble Permian strata. The principal localities where they are exposed are at 

Pentre celyn, near Llanfair, in the wood above Llandibr Farm, and in a lane between 

Llandibr Farm and hafal. Red and variegafed marls and marly shales, 

containing some soft coal, and resting on the mountain limestone, occur also at, 

Rhiwbibill near Llangwyfen, opposite Denbigh. Although apparently conformable 

to the carboniferous limestone, it is probable that they rest on its eroded surface. 

The millstone-grit is developed in great massiveness within four and a half 
miles to the east of Pentre celyn, and a small outlier crops up in the Vale of Clwyd 
at Ty Céch, a mile and a half to the north. Its absence at Pentre celyn could not 
be accounted for from the thinning out of its mass within so short a distance, or 
excepting from erosion: if a break really occurs, the marls and shales resting on 
the limestone could not be of carboniferous age. 


5* 
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On an Extensive Distribution of White Sands and Clays in North Wales 
antecedent to the Boulder Clay Drift. By Groner Maw, FS.A., F.GS. 
& F.LS., Vice-President of the Severn Valley Field Club. 


There exists in the counties of Carnarvon, Denbigh, and Flint, a widely distn- 
buted series of unfossiliferous deposits older than the Boulder-clay on the evidence 
of superposition, and differing from it in lithological character, but closely resem- 
bling some of the Tertiary deposits in the south of England. 

They consist for the most part of white, black, and yellow sands, interstrati- 
fied with tough, white and grey pipeclays and earthy lignite, generally occurring in 

ets or egg-cup shaped depressions in the mountain limestone at altitudes of 
m 800 to 1000 feet above the sea, but not exclusively confined to the limestone. 

Among the localities are G d, on the Great Ormes Head, Nant y Gamer at 
the back of the Little Ormes Head, several places on Halkin Mountains, near 
Holywell, at Pant du and other localities in the neighbourhood of Mold in Fiint- 
shire,—all on the mountain limestone. Also a deposit of similar white sand and 
clay rests on Lower Silurian rocks at the back of Conway mountain, Carnarvonshire. 
The strata are generally broken and dislocated, with a frequent tendency to a ver- 
tical arrangement, or a concave bending of the beds into the form of the cavities in 
which they are contained. 

A theory is referred to which has been advanced by Mr. Prestwich and others 
to account for analogous phenomena exhibited in the excavation of sand-pipes and 
pockets in various calcareous formations as applicable to the formation of the 

Yelsh deposits, viz., that the cavities were formed subsequently to the beds that 
now occupy them, and that, as the pockets were slowly excavated by watery dis- 
solution, the preexisting superincumbent beds were gradually lowered into them. 

Tufa deposits frequently accompany sand-pipes in calcareous formations, and are 
supposed to result from the redeposition of calcareous matter dissolved away in 
their excavation. 

In the valley below Cae a great deposit of about200 acres of tufa exists, rest- 
ing on boulder-clay drift, and as it was adjacent to a cavernous opening in the lime- 
stone escarpment, it is probably connected with the subterranean dissolution of the 
limestone and of the excavation of the pockets in the adjacent mountain limestone 
range, The order of geological events these phenomena imply may be generalized 
as follows :— 

_ Ist. The deposition of the white clay and sand strata at some time since the 
principal erosion of the mountain limestone, which took place about the Permian 

Ti 


period. 
2nd. The partial excavation of the pockets, and the gradual lowering into them of 
portions of the previously existing deposits. 

8rd. The erosion of the great mass of the formation not protected in the pockets, 
and the deposition of the boulder-clay drift. 

4th. The continued excavation and deepening of the limestone cavities after the 
boulder-clay period, accompanied by the redepositing of the calcareous matter, 
carried away in watery solution, as tufa. | 

Deposits of a similar character occur in the mountain-limestone district of 
Tipperary. 


On hitherto unrecorded Leaf Forms, &c., from Alum Bay, Isle of Wight. 
By W.S. Mrrewxtt. 


» On the Coal-Measures in Mold Valley, and their Products. By W. Nxss. 


On Steam as the active Agent in Earthquakes. By R. A. Peacock, Jersey. 

The author had collected seventy evidences of the presence of steam or its con- 
stituents in every species of natural disturbance of the earth’s crust. It was proved 
by investigation of series z of M. Regnault’s most excellent experiments °, that in 
saturated steam of the temperatures 241}° to 447° F., the pressure increased in the 


* Mémoires de l'Institut, vol. xxi. 
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enormously rapid ratio as the 44 poner of the temperature, very nearly. The pressuré 
with the latter temperature, viz. 400 lbs. to the square inch, is the highest limit of 
present exact knowledge. What the pressure is at the greatest temperatures attain- 
able we do not know, but we have some indications that at a high temperature it is 
very great indeed. The Rev. John Michell * states that in casting two brass can- 
nons, “ The heat of the metal of the firat gun drove so much damp into the mould of 
the second, which was near it, that as soon as the metal was let into it, it blew up 
with the greatest violence, tearing up the ground some feet deep, breaking down the 
furnace, untiling the house, killing many spectators on the spot with the streams of 
melted metal, and scalding many others in the most miserable manner.” These great 
effects were evidently all produced by the steam of a few ounces of water only, for 
it is called merely “damp.” It must therefore have been very powerful steam. Now 
the temperature of melted brass is known to be only 1869° F’., which would be re- 
duced by absorption of latent heat, and by raising ¢ e temperature of the damp, and 
the mould, and the neighbouring sand. But the heat of melted stone or lava is 
3000° F., or, according to some, 3200° F. And since the Gulf of Santorin in the 
Grecian / hipelago has been for 2000 years a acene of volcanic operationst, it ap- 

the mass of fire below is so very vast that the sea has not been able to quench 
it, and therefore the heat of the steam will closely approach to 3000° or ; for 
the water scarcely reduces even the surface temperature of eo prodigious & mass ; 
radiation instantly replaces the heat abstracted, by other heat. Since, therefore 
saturated steam or its constituents is so very often present in all species of natural 
disturbances of the earth’s crust, it is worth while to remember, on the bare chance 
of the pressure continuing to increase as the 4} power of the temperature, that in 
that case saturated steam of the highest temperature would have a force of at least 
a thousand tons per square inch, which would be amply sufficient to cause the 
greatest effects of earthquakes and volcanos. M. Regnault says (p. 619) that the 
graphic curve by which he represents his pressures and temperatures “ présente un 
point d’inflexion ” at 627°-2 C.=1160°96 F.{ “ Enfin,” says he, “la courbe, qui 
tournait sa convexité vers l’axe des temperatures,” up to the temperature named, 
“ tourne sa concavité vers ce méme axe, 4 partir du point d’inflexion, l’ordonnée 
tend vers un maximum, et la courbe a pour asymptote, une ligne paralléle a l’axe 
des temperatures, dont |’ordonnée est... . 121617 atmospheres,” which are equal 
to about 800 tons per square inch. “ Ce serait donc la la'limite supérieure de la force 
élastique de la vapeur.” As faras he can judge. But he very properly adds, “ Mais il 
serait & mon avis tout & fait déraisonnable d’attacher une signification réelle & ces 
points singuliers de la courbe, qui sont si loin en dehors des limites ot: nos obeer- 
vations peuvent atteindre.” Supposing he is correct in saying that steam pressure 
may continue to increase up to about 800 tons per square inch and no higher, that 
force would still account for the greatest effects of earthquakes and volcanos. 

The volume of steam compared to the volume of water which produced it when 
the pressure is 26} Ibs. to the square inch, is known to be about 941 times as great, 
whilst, when the pressure is 606 lbs., the volume of steam is known to be only 
about 432 times as great as that of the original water§. And the author of the 
paper thought that heat compresses steam in the same way, though not in the same 

egree, as the force-pump compresses water in the hydrostatic press ; and that sup- 
posing the strength of the containing vessel unlimited, and the supply of water 
sufficient to saturate the steam, the force or pressure attainable would only be 
limited by the mazimum heat in one case, and the marimum pumping power in the 
other; and the conclusion he arrived at was, that steam certainly operates quantum 
valeat in producing earthquakes, volcanos, and other similar disturbances; and that 
other forces cooperate, where no help is required. . 

He classified the seventy evidences from Humboldt, Lyell, and other authorities 
under the following heads:—1. The contact of the metalloid bases with water and 
air may be a cooperating cause in volcanic processes. 2. Ejections of steam from 


* Phil. Trans. Roy. Soc., 1760, vol. xi. p. 458. 
+ Lyell’s ‘ Principles of Geology,’ 1853, p. 441. © 
} 1141° is the heat of a common fire. —Danitell. oe 
eet Information for Enginecrs, second series, by Dr. Fairbairn, LL.D., F.B.8., 
p. 
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volcanos. 3. Ejections of steam from earthquakes. 4, Ejections of steam from 
geysers. 5. Rocks ejected from a volcano by steam. 6. Active volcanos below 
the sea pacossarily produce steam and earthquakes. 7. Ejections of water and of 
mud (which implies the presence of water) from volcanos; also sinkings of rivers 
and other waters. 8. Ejections of water, often hot, from earthquakes; from risings 
and sinkings of strata; and from earthquakes combined with volcanos, 9. - 
quakes fed by water. 10. Active volcanos fed by water. 11. Volcanos, earth- 
quakes, hot water, and increasing temperature of hot springs; sometimes all con- 
nected together. 12. Deposits of water, and of ice and snow, ready to descend into 
volcanos by gravitation. The evidences appear in detail in the ‘ Artisan’ of Janu- 
ary, February, and March 1866. 


On Extenswe and Deep Sinkings of Lands in the Channel Islands Seas, and 
on some Changes of the French Coast of the Bay of Biscay within the 
Mistorwal Period. By R. A. PEacoox, Jersey. 

It is well known that quantities of trees with roots attached, and other supre- 
marine products, have been found all along the west coast of Normandy, along the 
eastern half of the north coast of Britanny, in the Bay of Mont 8. Michel, on the 
west, south, and north-east of Jersey, and on the east and west of Guernsey, be- 
tween high and low water, and even lower than the latter. Not only so, but in 1787 
thousands of trunks (with roots) of trees were washed up on the west of Jersey from 
Rigdon shoal and Great Bank, which are respectively at 2 and 8 miles westward of 
high water, and on the latter of which banks the soundings are from 7 to 9 fathoms 
at low water, and the greatest rise of tide 42 feet. And supposing the original height 
of the ground 10 feet above high water, it follows there must have been a sinking 
of at least a hundred feet. Prodigious quantities of treea also came up from the 
bay of Mont 8. Michel after a hurricane on the 9th of January, 1735, and its sands 
have been penetrated more than 50 feet in several places without reaching their 
bottom, though it is well known that previous to a.p. 709 the whole bay, as far as 
Chausey rocks, and for a considerable th northwards as far as Cape la Hague, 
and the country southwards as far as Dol, was the forest of Sciscy. © positions 
of four ancient monasteries and the Bourg of Lhan-Kafruth, which in this 
forest, are known. One of these stood where there is now a sounding of 54 feet at 
low water, and the greatest rise of tide is also 64 feet, to which add 10 feet for sup- 
posed height of the monastery above high water, and we have a total of 118 feet of 
sinking. If the late Abbé et’s fi sare to be relied on, the Mont was once 
176 English feet high er than it is now. It is certain, from the nearly contemporary Te- 
cords contained in ‘Acta Sanctorum,’ Dom Bouquet’s ‘ Historians of France,’ ‘Neus- 
tria Pia,’ and other middle-age authorities, that Mont S. Michel, which contains 
now only about 20 acres, was immediately previous to a.D. 700, 6 miles long by 4 
miles broad and covered by forests; and that the rock was once a Mountatm, and 
6 miles, or, according to other accounts, 8 miles from the ocean, and even much 
more. A large tract of land 20 miles long, and in some places 23 miles broad, now 
lost, extended from Cancalle Point, past 8. Malo to Cape Frehel. There have been 
about nine different sinkings. 

The remarkable angularity of the vast tracts of marine rocks on the south and 
west of Jersey, though daily subject to the action of the tides, can only be accounted 
for, he thought, by their having only been exposed to that action since 1356, at 
which date the tracts sunk, and the soil upon them was washed away, and the 
angles of the rocks have not yet had time to become rounded. Poingdestre, 
a learned antiquary born in Jersey in 1600, substantially confirms some of these 
views in No. 6417 of the Harleian MSS., which is known to be of the date 1685. 
The Ecrehous and Dirouilles on the north-east of Jersey are known to have been 
much more extensive than at present; they also sunk, probably in 1856. Ptolemy 

ives latitudes and longitudes in his own way, and some of them having been re- 
uced to modern latitudes and longitudes, give important corroborative results. 

For example, taking his Ocrinum promontory (the Lizard), and his centre of the 

Isle of Vectis (Wight) as points of departure, his Gobsaum promontory of the 

Osiamii becomes 4° 51"21 W. long. and 48° 33'18 lat., which nearly coincide with 

the present north-western angle of Britanny, and therefore prove that in this instance 
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Ptolemy is nearly correct. His harbour of Staliocanus becomes 2° 4881 W. long. 
and 48° 38’ lat., which nearly agree with the position of the present harbour of 
Portrieux, and are probably epproximataly correct. And, now observe, his mouth of 
the river Argenis becomes 2° 0'-91 W. long. and 48° 52'-64 lat., which give a position 
seventeen miles west of the present west-voast of Normandy, which is curiously corro- 
borated by two modern writers (each independently of the other) having stated that 
Mont 8. Michel was once ten leagues from the sea, which ig the distance from the 
Mont to the mouth of the river Argenis, nearly. Observe also, the mouth of the 
river Tetus becomes 2° 22'-2 W. long. and 49° 2-21 lat., which fall more than thirty 
miles west of the present west coast of Normandy, and range very well with Rigdon 
shoal and Great , formerly forests. He believed Jersey was not an island until 
after Ptolemy's time. There had been a sinking of about 20 fathoms at the 
Northern Channel Islands; and sinkings along the French coast of the Bay of 
Biscay; but the Aunis has risen a few feet. 

A large collection of contemporary and personal observations, and of facts from 
modern, medisoval, and classical history, all point in one and the same direction, 
namely, to establish the certainty of the changes indicated, and several others. 
Extracts and abstracts from this collection appear in the ‘ Artisan’ of April, May, 
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The Insulation of St. Michael’s Mount in Cornwall. 
By W. Prneriry, F.R.S., F.GS., $c. 
St. Michael’s Mount is an island at every high water, and, with rare exceptions, 
& peninsula at every low water. It is about one third of a mile from the mainland. 
Its name in the ancient Cornish language—“ Caraclouse in Cowse,” or the “ Hoar 
Rock in the Wood,”—is entirely inappropriate at present, and betokens a change in 
the geography of the district since wall was inhabited by a people speaking a 
which survived until a very recent period. 

e Mount is undoubtedly the “Ictis” of Diodorus Siculus, whose description 
is still e0 very appropriate as to render it probable that two thousand years have 
produced very little change. 

The insulation must have been effected, of course, either by the encroachment of 
the sea or by a subsidence of the district. The former hypothesis requires such an 


enormous amount of time,’and is so utterly op to various geological facta, as 
to render it eminently probable that, since Cornwall was inhabited by a race 


speaking the British language, St. Michael’s Mount was insulated by a general 
subsidence of the country. 


A Recent Example of the Formation of Pyrites in a South Staffordshire Coal 
Pit. By Lovrsonn Percrvat. 


The example, which was interesting as tending to throw some light on the for- 
mation of pyrites in the coal-measures, and further, as having very recently occ 
under definite and known conditions, occurred in a West Bromwich coal pit, which 
was opened about twenty-five years ago, and after a time was closed on account of the 
rise of water: it remained closed for seven or eight years, and on resuming work, 
some slack, which had been left in the pit, was found to be largely permeated by a 

iar formation of pyrites. In this case there had probably been a decomposi- 
tion of pyrites (previously formed), and again the decomposition of the ferruginous 
salts in solution, by the presence of carbonaceous matter. The quantity of conglo- 
merate of slack and pyrites thus produced was very considerable. 


On Glacial Striation. By Professor Pururres, LL.D., F.R.S., F.G.S. 


On few subjects, amidst some apparent differences, are geologists better agreed 
than on the general theory of the movement of glaciers on their inclined beds in 
the Alps, while on their former and permanent effects, as evidenced in the valleys 
and among the Jakes of England, the differences of opinion are great. The author 
believed that these differences ought to be brought to the test of accurate mecha- 
nical principles, such as the limits of effective pressure to move ice forward on level 
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surfaces and up ascending slopes; and confronted with accurate notions and exact 
maps of definite tracts selected for study. He then deacribed the special phenomena 
which had been observed by Mr. Lee and himself, on a swelling ground at the foot 
of the Gorner Glacier. In this case he showed that beautiful striation and polich 
were traceable on broad flat surfaces (protected by a shed) 160 feet above the actual 
bed of the glacier, and about 100 yards from its base. He showed that this was 
quite consistent with the known physical constitution of ice, and the slopes of the 
ground, steep as these are. It is quite clear that on such ascending alopes the up- 
ward movement of the ice, by pressure from the higher parts of the ier, is a 
real and necessary result. at the glacier formerly extended much beyond its 
present limits is well proved by other facts. The author next described the pheno- 
mena of glacial movement in Wastdale, and the features of Wastwater, a deep 
straight lake, three miles long. In these can be shown the reality of partial move- 
ments of ice in the valley, but from the great length of the lower, almost level 
tracts of ground, and the shortness of the upper snow slopes in ancient days, he 
concluded that effective pressure could not ss continued through the length of 
Wastdale. Among other reasons for this, he instanced the fact that under the pres- 
eure equivalent to 1000 or 1500 vertical féet of ice, that substance would lose its 
solidity. He also showed by a study of the relative grinding force of the icy weight 
under different conditions of depth and inclination, that if such pressure could be 
communicated, it would not be effective in excavating the lake. It would not tend 
to make a hollow such as a lake would fill, nor to deepen such a hollow if previously 
placed in its path in Wastdale. On the whole, he concluded that for a satisfacto 
explanation of the full wearing and excavating effect of ice in valleys and lakes it 
would be ne always to treat each cage as a special problem, by no mesns 
purely geological, but including important and quite practicable mechanical deter- 
minations. 


On the Geology of Coalbrook Dale. By the Bev. W. Purron. 


Just where the valley of the Severn contracta towards the narrow gorge througif 
which it passes the limestone ridge of Wenlock Edge, it is joined ‘by the lateral 
valley of Coalbrook Dale, running down from the high table-land which forms the 
chief part of the Shropshire coal-field. The Dale, which is for the most 
scooped out of the Wenlock shale, is joined about midway down by the hollow 
through which the railway ascends to Lightmoor, and which is excavated in the 
Lower coal-measures here faulted down; and is flanked at its entrance into the 
Severn valley by the Mound called Strethill on the north, and by Lincoln Hill on 
the south. At Strethill, we find the mass of glacial drift, 200 feet high above the 
Severn, which formed the subject of Mr. G. Maw’s paper read before the Geologi- 
cal Society, and printed in their Quarterly Journal for May 1864; and which has 
served to prove that at one time during the glacial epoch Wenlock Edge was the 
coast-line of tho [rish Sea, and the Severn valley a marine strait. At Lincoln Hill 
the Wenlock limestone, which rests at a high angle on the shale, is now worked in 
a series of extensive caverns; but in the old surface workings we may still see the 
cavities whence the Ball-stone has been extracted, as described by Sir Roderick 
Murchison in his ‘Siluria.’ And there is also exposed a highly interesting sec- 
tion, showing the Lower coal-measures restin immediately on the Wenlock lime- 
stone. The lowest seam of coal, the “ Lancashire Ladies,” and the “ Crawstone ” 
ironstone are visible: A walk along the south side of the Dale, about a mile, 
brings us to Lightmoor Wood, in a quarry in which the fossil tree was found which 
was figured some time since in the ‘Illustrated London News.’ Jn this quarry 
we again met with the Crawstone ironstone, and are able to trace the series of 
strata upwards to the “Little Flint” coal and “Clod” coal; while in the Light- 
moor railway-cutting close at hand, we have exposed no less than six different 
seams of coal capped by the “ Pennystone” ironstone. In a brick-field about 100 
yards to the north still higher strata are exposed; and thus in a walk of little more 
than a mile, we may see in open sections the whole of the Lower coal-me 

and a portion of the Upper. It is to these sections I wish to direct the attention 
of those Members of the Association who are about to visit Coalbrook Dale. For 
a detailed account of the Shropshire coal-field, the estuarine character of its strata, 
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its peculiar fossils, including several species of insects, and of the Limulus or 
King Crab, I must refer them to Prestwich and Hull, and the Memoirs of the 
Ordnance Survey. 


On the Recent Discovery of Gold at Gwynfynydd, North Wales. 
By T. A, Reapwin. 


Notes on the Theory of Repulsion as illustrative of Physical Geology pro- 
pounded by Dr. Winslow of Boston. By Groncx E. Roserrs. 


On a Fossil Spider lately discovered in the Coal-measures of Upper Silesia 
(Prussia). By Professor Ferp. Roemer, of Breslau. 


The author exhibited the specimen itself to the Section. It lies extended on the 
surface of « piece of coal-shale, and is beautifully preserved. Besides the outline 
of the body, it shows distinctly the four pairs of legs, and the two palps with their 
articulations. Even the coriaceous integument of the body, and the hairs attached 
to the legs are preserved. The interest of the discovery of this spider lies in the 
fact, that hitherto spiders were not known from any rocks older than the Jurassic, 
and that now their existence in the Palseozoic rocks is proved. From the resem- 
blance to the recent genus Lycosa, and its occurrence in the Coal-measures, the 
name of Protolycosa anthracophila was proposed for the species. 


On a Coal Field in Brazil. By G. R. Romney. 


Explanation of a Map of the Faults in the Gold District of Dolgelly. 
By J. W. Satter. 


The district examined during the autumn of 1864 included the greater portion 
of the right bank of the Mawddach river, from the waterfalls above Dolgelly to the 
Clogau Gold Mines nearer Barmouth, and advantage was taken of the dry weather 
in September and October to search the watercourses for evidence of the faults 
which cut up the mining region. Particular attention was paid to the portion 
about the waterfalls, and a few miles south. The results showed that while the 
mejor lines of fault ranged with the strike around the nucleus of Lower Cambrian 
rocks, and repeated the beds, thus widening the area of the Lower Lingula flags, 
the other fanita, which are very numerous, and have not yet been shown on any 
map, are reducible to three or four series, the order being as follows :— 

1. A series of east and west faults (Clognau, Gwynfynydd, &c.) of small amount, 
bearing quartz lodes and visible gold, copper blende, galena, iron, arsenic ; these 
are crossed by— 

2. Faulta, rarely of large amount, about 30° or 40° north of east, occasionally, as 
at Cefn Coch (Welsh gold mines), rich in the precious metal, but also as at Cwm- 
heisian lead mine, with lead, or at other places copper, &c. 

The above two series may be of one age; and are certainly the oldest. They 
have reference probably to the first undulations of the North Welsh district, and 
which run in a north-east and south-west direction. 

3. Strike faults, following the outline of the Lower Cambrian nucleus (the 
Merioneth anticlinal of Professor Sedgwick), and hence varying in direction, more 
northerly on the upper waters of the Mawddach, more easterly along the estuary. 
Parallel faults to these occur in the great porphyry range of Arran, and of Cader 
Idris, and are marked on the Survey map. 

4. North-west and south-east faults, of no great amount, usually as copper or 
lead lodes, but often bearing gold, (Tyddyngwladis silver lead mine and Dolfrwynog 
gold mines are examples). They are numerous, and as yet only known near the 
waterfalls, and thence to Dolfrwynog. 

5. A grand series of north and south faults, usually 15° to 18° west of north, 
which croas and interrupt all the foregoing series, shifting the lodes and cross courses 
and giving the features to the ground throughout the whole of the gold mining 
districts. These are traceable by cliffs and ravines, river and brook courses, ledges 
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and steep escarpments, from Pistyll Cain, and far northward they extend to 

and Vinee mines, and are especially to be noticed in the Great Lower Cambrian 
nucleus of the Merioneth anticlinal, defining the north and south ridges of the 
mountains, and the great Trawafynydd valley. This series of faults is the latest, 
and is probably of very wide extent—the north and south valley of the Lake dis- 
trict in Westmoreland, and the t north and south faults of the carboniferous 
series in Lancashire, Yorkshire, &c. being very probably included in it. 

All the above faults are of course connected by short cross faults at the angles of 
intersection ; and the author believes that to this cause are due the minor lake 
valleys of North Wales, which, so far as he has examined them, seem always to lie 
in the lines of intersecting faults. 

The author is not so certain of the exact order of the series 3 and 4, as he is that 
the east and westerly faults and lodes, containing gold, are the oldest ; and the north 
and south faults the newest in the district. 

That the ascertaining of the principal lines of fault, and their order of succession, 
must be of value to the practical miner in any given district is obvious enough ; 
and it behoves those engaged in such operations to ascertain, as has been y 
done in Cornwall, the relative age and contents of each of the series. If lodes be 
in lines of fault, as they certainly are, it is of consequence to the owners of mining 
property to ascertain what is the number and direction of any given series, con- 
taining, for instance, zinc and gold, and whether the slides and cross courses which 
interrupt and often spoil these may be advantageously searched for lead, silver, or 
copper. 

ere are eight series of faults known in the Cornwall districts and in Germany, 

as we learn from Sir ©. Lyell’s Manual. And the contents of each series are in 

part known ; but it must be borne in mind that each successive crust movement, 

while it opened fissures for the metals of its own age, would by reopening the old 

tend to redistribute their contents, and possibly to commingle them with 

the deposits of newer age. The whole subject, as it is one of great scientific intarest, 

so also demands very careful observation, the result of which will certainly be to 

diminish mining risk, and increase the sources of our metallic wealth; for faults 

and the lodes that accompany them are extremely numerous and definite in direc- 
tion. 


On the Drift in the Parish of Exhall, North of Coventry. By A. Sraxriun. 

In this paper the author pointed out the existence of a strictly local stream of 
northern boulder drift about two miles wide, ing from north to south over the 
centre of the parish of Exhall, and showed that although the drift overlying the 
country to the eastward, from the evidence of ita fossils, was undoubtedly derived 
from the Lias, the Oolite, and the Chalk, and that on the high land at Corley, and 
the whole district to the westward being rounded quartzose pebbles and small gravel, 
was probably brought from the Bunter conglomerate of Staffordshire, yet that this 
drift-stream consisted almost entirely of angular fragments and large boulders from 
the Millstone-grit, and detritus from the coal strata outcrop between Nuneaton 
and Atherstone, only from 7 to 10 miles to the northward. He produced speci- 
mens from the drift, and also from the rocks s att, and explained that the carbo- 
niferous strata and millstone-grit at Hartshill, a short distance to the north of 
Nuneaton, dip to the 8. W. at an angle of 40 degrees, and form an elevated 
ment about feet above the sea, overlooking the plane of the New Red maris to 
the eastward. From the sharp angular character of the boulders, and also from 
the fact that no marks of striation have been observed, he expreased an opinion 
that they had been probably carried southward by coast-ice during an h when 
the high lands of the Warwickshire coal-field formed an island in a shallow sea, 
and he ted that the necessary contour of the supposed coast-line would ac- 
count for this drift-stream being found in its present position. 


On some Ancient Drifis and Old River Beds of Siluria. 
By the Rev. W. 8. Srmonps, F.G.S. 
The author stated that, a8 far as his experience extends, there are no stratified 
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deposits in the West of England which represent that lavial: period known to 
geologists as the Forest of Cromer period, which p ed the great general sub- 


aring drifts, containing large ice-worn erratics, upon mountain platforms in 
Wales. These drifts have been found in several local | 


fessor Ramsey, and others, are well known, and they all tend to prove that lar 
ales and Siluria were submerged during a period of the glacial epoch, 


as 
‘Wales, almost the whole of which he believes to have been submerged during this 
giacial marine period. Accompanied by his friend, the Rev. James Hughes, he 


the Maenbras below Snowdon ; and he believed these erratics to have been trans- 
ported from afar by ice-rafte floating over a glacial sea. The hill platform of Craig 
h, like that of Moel Tryfaen, and the Snowdon country, had been elevated, in 
the course of ages, to its present height. In the accumulation of the marine drifts 
of the Snowdon country there could be no doubt about their origin, for they con- 
tain numerous sea-shells, and many striated, polished, erratic blocks, which must 
have been dropped into them by floating ice. eauthor thinks some of the more 
elevated mountain platform drifts of South Wales must be attributed to the same 
origin, viz., a glacial marine origin; but while believing that there are unmis- 
takeable proofs throughout Siluria of long periods of submergence and of ual 
elevation, as proved by the position of marine boulder-bearing drifta at different 
elevations, thy author maintained that the effects of land-ice snow in transport- 
ing great masses of local rocks to long distances had not been sufficiently observed. 
He had observed deposits of transported rocks so peculiarly local that it seemed 
impossible to suppose they could have been left by icebergs or rafts. No geologist 
could explore the valleys of the Wye, Severn, Usk, Towy, Tivy, Cothi, Rheidol, 
Yawith, Teme, and Lugg, without observing that the heads of those valleys were 
at one time filled with unstratified boulder-clay or till, and that through this 
the rivers have excavated theirchannels. This till is entirely unlike the stratified 
boulder-bearing silts of marine origin. The boulders contained in this till are all 
local, are frequently elevated above all signs of even the most ancient river-action, 
have never been acted upon by water-action of any kind, and, though belonging 
to rocks s stfe in the district, have been carried across particular districts and down 
particular hills; while as regards the erratics borne by floating icebergs they are 
mingled and heterogeneous. On many hills in Wales you observe boulders of en- 
tirely local origin studding hill-sides and resting on rocks to which they do not 
belong; but they have a local distribution, and have been derived from a local 
centre. He had observed also that in numerous instances the rted 
never crossed valley, as in the case of Dean Forest, where masses of millatone- 
it and mountain limestone are found on one side of the valley, but not one can 
found on the hilla across the Wye. The whole tendency of Mr. Symonds’s paper 
was to show that since the elevation of the land into its present condition, glacial 
land phenomena were continued long after that elevation, and that although there 
are evidences of marine glacial action, those evidences have been much obliterated 
and destroyed by the long-continued and later effect of land-tce and snow. He attri- 
buted the transportation of the masses of subangular gravel, which contains large 
erratics from the Malvern range, and are distributed in patches on the Hanley and 
Castle Morton plains, to the effect of a mass of frozen snow and ice which in former 
days stretched from the Malverns down to the plains. The ancient river-terraces 
of Siluria are well marked, and stand out in some instances at a height of 800 feet 
above the existing river-channels. In Worcestershire it is difficult to make out 
where the marine conditions ended and the river conditions commenced. 
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On Contortions in the Chalk at Withingham, near Norwich. By I.E. Tarzor. 


On the Agates found in England, with specimens from different countries. 
By Professor Tennant, F.G.S, 


On the Nodules in the Limestone of Wenlock Edge. 
By the Rev. J. D. La Toucne. 

The Wenlock is a well-marked stratum of limestone, of which one of its chief 
characteristics, wherever the author had an opportunity of observing it, is its tendency 
to become nodular, but it is near the town of Wenlock that these concretionary 
masses assume a remarkable importance at intervals along the Wenlock edge; 
here, about 700 feet high, buried in the substance of the general stratum, which is 
some 30 or 40 feet thick, are huge masses of limestone, locally called ball-stonee, 
of a purity very superior to the surrounding rock, so superior that they are exten- 
sively used as a flux for iron ore. They appear to consist of greenish-grey veins 
mixed irregularly with bluish-grey limestone, and fossils are occasionally found in 
them. They vary in size from a few feet to some 50 feet in thickness, and their 
length, which is generally at right angles to the line of the ridge, is in some cases 
more than 100 yards. 

That they have been formed subsequently to the deposition of the rest of the 
stratum seems to be proved, by the arching over them to a slight extent of the rock 
above, and in one instance a similar appearance had been observed in that which is 
below them. The rest of the surrounding stratum seems to be continued into their 
substance, in which but very slight traces of stratification are observable. That 
they have been formed subsequently even to the upheaval of the whole neighbour- 
hood and its denudation seems probable from the fact that there is no indication 
of their existence on the surface of the Wenlock Edge, which there would be had 
they been submitted to the same denuding forces as have acted on the surrounding 
rocks, from which they differ greatly in hardness and composition. 


On the Faults in the South Staffordshire Coal Field, and their relation to the 
Igneous Rocks of the District. By C. Twamiey. 


A few Notes on the Structure of the Matterhorn. By Epwarp WHYMPER. 


When one observes the great peak of the Matterhorn at a short distance, it is 
seen that its rocks are separated into three great divisions, of which the middle 
mass is the at, and grey in colour, while the upper and lower sections are a: 
parently of a dull red. On ascending the mountain, these divisions are clearly 
apparent, and the junctions of the sections are so marked, that it is almost possible 
to see the lines of separation. The rocks of the upper and lower divisions, however, 
it is found, are by no means uniformly red in colour, but are interspersed with 
others of a green and of an iron grey. It is from the red rocks being so much more 
positive in tone that they present a uniform tint when seen at a distance. 

The specimens collected comprise ents from each of these divisions. Those 
taken from the highest of the three divisions and from the summit (mica-elate, 
chlorite-slate, and quartz) were detached when collected, but the others were 
broken from the living rock. The middle and largest division is found to be com- 
posed chiefly of chlorite-slate ; mica-slate, with seams of quartz coloured by oxide 
of iron, is found to predominate in the fowest division. Serpentine can be fre- 
quently found at the base of the mountain, but I have not observed it on the peak 
itaelf. The summit of the Matterhorn is a roughly level ridge of 350 feet to 400 
feet in length. It is extremely precipitous on the south side; but on the side 
which descends towards the glacier of Zmutt the inclination is moderate, and it can 
be traversed with great facility. There are several little points on this ridge, and 
the highest of them is usually covered by a small cone of snow. The whole of the 
summit is covered with disintegrated ents, and the living rock is not any- 
where visible. 

It was observed by De Saussure that the beds of the Matterhorn rise towards 
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the N.E, at an angle of 45°. This is scarcely exact, although correct on the whole. 
They dip towards the south and west; but the inclination towards the west is 
three times as great as it is to the south. In consequence of these dips, the plane 
surface of the beds presents a surface sloping downwards on the western and 
southern sides of the mountain, and the fractured edges overhang. It is 
mainly from this cause that so much difficulty has been experienced in all attempts 
to ascend the mountain until this year, and it was from observing this fact that I 
formed the resolution to attempt the ascent by the north-western face; foralthough 
it ap smooth and unbroken, yet I argued that the fractures would fall in 
exactly the reverse manner to those which I have described, and this would render 
the ascent easy, even although the hold they might afford should be but small. 
The theory was correct, and the whole of the north-eastern face was found, in fact, 
to be a long staircase, with the steps shelving inward. 

It is also in consequence of these steps that stones do not fall to any extent on 
the north-eastern side; it is evident that if any disintegrated fragments do break 
away, they must sooner or later be arrested on the ledges, and, indeed, I did not 
see any fall during the two dave which I passed on the mountain. On the other 
sides, on the con , the Matterhorn rains down showers, nay, torrents and 
avalanches of stones both by day and night. Thus these dips become on one side 
a source of safety, but on all others of great danger. 

We are enabled by a knowledge of these facts to account for the enormous 
moraine of the Zmutt glacier, which has attracted the attention and the curiosity 
of all observers ; for the Zmutt and its tributary, the Tiefenmatten, sweep around 
the two faces of the Matterhorn on which we should expect the greatest masses 
of rock would fall. We find, moreover, that the Furgge glacier, which is below 
the N.E. face, has scarcely any moraine. The consideration of these facts also 

ta naturally that we see nearly the primal form of the Matterhorn on its 
N.E, side, but that great ch have taken place on the others, We are sure, 
indeed, of this, for we see the fallen fragments below. 

We can go a step further. The fallen masses are chiefly of the red rocks, and 
they must have either come from the upper or the lower of the three divisions. 
On the side of the Zmutt and the Tiefenmatten glaciers, however, the lower divi- 
sion is almost entirely covered by snow and glacier. We are forced, therefore, to 
the conclusion that they came from the upper; and it is doing no violence to the 
imagination to suppose that at some early period the now isolated obelisk of the 
Matterhorn was only the termination and the culminating point of the ridge of 
which the Dent d'Erin and the mountains to the south of it formed also a part. 


On the ancient Glaciers North and East of Llangollen, and more particularly 
of the Neighbourhood of the Hope Mountain. By W. Marrrev Wrx14Ms, 
F.C.S. 


In this paper the author described in detail the evidences upon which he bases 
his hypothesis of the existence of a large glacier, formerly occupying the elevated 
and irregular district lying between the north and east side of the valley of Lian- 
gollen, and the east side and south end of the vale of Clwyd, the present water- 
shed of the river Al The configuration of the district is peculiarly favourable 
for the formation and maintenance of a great glacier, and the remarkable course of 
the Alyn is due to this same configuration. On this account Mr. Williams has 
named it the “ Alyn Glacier.” The position of the large accumulations of moraine 
matter at the fuot of the Hope mountain, in the neighbourhood of Mold, and all 
along the course of the Alyn, between Mold and Wrexham, formed the chief data 
upon which the extent and position of the glacier were determined. The decided 
indications of glacier-planing over the whole of the Hope mountain and the neigh- 
bouring hills, all of which are roches moutonnées of greater or lesser magnitude, and 
the existence of perched blocks, some of which are sufficiently remarkable to have 
become the subjects of popular legends, were pointed out. 

Further and very decisive evidence of the course of the glacier is indicated by 
the composition of the boulders of the moraine heaps, and most strikingly by the 
boulders of the peculiar curly cannel of the Leeswood and Tryddn district, which 
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have been found in the drift many miles from their source, and in positions which 
they could only attain by ascending a considerable slope of the Hope mountain. 
The sudden termination-of the moraine mounds in a wide plain of drift, extend- 
ing towards the present estuary of the Dee, and the general uniformity of level at 
which this occurs, were pointed out as marking the limit of the sea at the‘epoch of 
this glacier’s greatest extension. Some mounds of drift upon this plain, apparently 
formed by the melting of icebergs in shallow water, were described ; and the general 
phenomenon of the drift of this district was as well worthy of careful 
study, in reference to the debated questions relative to icebergs versus glaciers, and 
the limite of their respective operations. 
. The paper is preliminary. e author announced his intention of pursuing the 
investigations further, especially to the southward and the westward of the ground 
already described. 


On some Vegetable Deposits in the Aachensee. 
By W. Marnev Wriuss, F.C.S. 


The Aachensee, abont thirty miles N.E. of Inngpruck, is a very clear lake, with - 
precipitous and richly-wooded banks. At the bottom of this lake the author 
observed an extensive deposit of trunks and branches of trees, evidently washed by 
storms into the lake. Many of these were standing upright, with roots attached 
and partially buried. They had assumed this Position from having been washed 
down into the lake with some soil or stones still adhering to their roote. It was 
inferred from this that the upright position of fossil trees, even when the roots 
remained attached, does not necessarily prove that they have grown on the spot 
where they are found. 

On examination of some of this submerged wood, it was found to be very dark 
in colour, and so dense that it sunk rapidly in the water. The annual rings 
separated easily like the layer of an onion, the cambium of each year's growth 
having apparently decomposed more readily than the rest of the wood. This was 
referred to as affording an explanation of the fact, that fossilized wood shows the 
original structure, even when all the wood has been replaced by mineral matter. 
The spaces between the rings would be first filled up in cases where deposition is 
occurring, and then the wood-rings would afterwards be replaced by further 
deposition as they gradually decomposed, and thus a series of concentric strata be 
orm: 


Mr. Williams stated many reasons for supposing that, at the period of our coal 
formation, the British Isles had the configuration of an exaggerated Norway, 8 
ridge or backbone of mountains, with deep wide inlets or fiords, some inland 
lakes, and many small] outlying islands. With such o configuration, and a climate 
favourable for the rapid growth of any form of ponderous vegetation, the trees 
growing on the steep banks of the lakes and brackish fiords or estuaries would be 
continually washed down and settle in these basins, and thus form the coal-seams 
while the water remained clear. The dark-coloured and striped shales and rock of 
the coal-measures would be formed wherever the waters were turbid, and a mixture 
of mineral and vegetable matter was thus deposited together. 


Mr. Henny Woopwarp described and exhibited specimens of a new Phyllopo- 
dous Crustacean from the Moffat shales (Lower Silurian), Dumfriesshire. 

These anthracitic shales abound in the remains of Graptolites, but other fossils 
are extremely rare. Two Phyllopodous Crustacea have been described from them 
by Mr. Salter, namely, Peltocaris aptychotdes and P. Harknessi. 

The new form closely resembles a Discina, but has a sector of jth of its are re- 
moved in nearly every specimen, the segment being separated from the rest of the 
disk-shaped shield by a line of suture. The shield is slightly conical, and ornamented 
with fine concentric lines; there is no dorsal suture asin P. aptychoides. A specimen 
from the cabinet of Mr. Carruthers shows the wedge-shaped rostral portion st site. 

The most perfect example measures 7 lines in diameter. The caudal portion 
is not preserved. The author proposed for it the generic name of Discinocaris, 
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with the specific appellation of Browsana, after Mr. D. J. Brown of Edinburgh 
who first Cow attention to it. burgh, 


Mr. Henny Woopwarp exhibited a new chart of Fossil Crustacea, showing the 
range in time of the several orders, with some recent types. {Designed and drawn 
by . nae. F.G.8., and Henry Woodwamd, F.G.S. graved by J. W. 

owry, F.R.G8. 

This is the firat palwozoological chart in which an attempt has been made to 
show, not only the separate geological formations, but the zoological divisions of 
the class. Each order is placed in a separate area, and the student can see at a 
glance when a group commenced, and where it ended, or if it be still existing. 

A descriptive catalogue accompanies the chart, in which each order is briefly 
described, and the name, reference, locality, and formation given of every species 
fi Lo, 


On a Deposit near Lilleshall, Salep, containing recent Marine Shells. 
By ©. J. Woopwarp. 

The deposit occurs in Fox-hill Field, New Lodge Farm, near Lilleshall. Fox- 
hill Field is a mound about 30 feet high, sloping equally on all sides. The whole 
of the mound is composed of moderately fine gravel, and on the north side are 
patio mach S a comminuted sea-ahells, with a few speci imens panied entire. Lins 

ils, much water-worn, granite pebbles, and su angular ents of sand- 
atone, curiously pitted on their surface, occur with the shells, 

The following species have been found :— 


Unsvalves. Bivalves, 
Aporrhais pes-pelecani. Astarte borealis. 
Buccinum undatum. Cardium echinatum. 
Dentalium abyssorum. Cardium edule. 

Fusus antiquus. Cyprina Islandica. 
Nasea reticulata. Lutraria elliptica. 
Natica clausa. Mactra solida. 

ura lapillus. Mytilus edulis. 

aria communis. Pecten opercularis. 
Turritella communis. Pholas crispata. 
Trophon Banfferis. Psammobia Feroensis. 

Tellina (solidula) Balthica. 
Cirrhopoda. 
Balanus sulcatus (Scoticus). 


The top of the mound is 463 feet above mean sea-level. 


BOTANY AND ZOOLOGY, 1noiupinec PHYSIOLOGY. 
Botany. 


On the Deodar Forests of the Himalaya. By Dr. Crzenory. 


THs communication consisted of a report upon the Deodar forests of the Western 
TIimalaya, which he explored in 1862 and 1868, with a view of obtaining reliable 
information regarding tt e timber resources of the Punjab. The reports of Royle, 
Wallich, and other observers are most valuable as to the Eastern Himala but 
there were no approximate data on record as to the area of inter-montane forest 
between the Jumna and Indus. A sketch map was exhibited, indicating the position 
and extemt of the Deodar tracts, so far as ascertained between these rivers. He 
dwelt upon the applicability of the wood of the Cedrus deodara for railwa purposes 
in the try climate of the Punjab, where it has been found to be very valuable. A 
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series of photographs, by Col. C. Hutchinson, R.E., showing the characteristic 
vegetation of the Deodar and other Himalayan trees, were produced, and the average 
dimensions given. A forest officer is now employed upon éach of the great rivers 
of the Punjab, for carrying out a systematic fan of conservancy and management 
of these valuable foresta. The quantity of timber annually brought down 
the various rivers is now very large, and amounted to 12,000 tons upon the Chenab 
alone. A new and increasing trade in timber upon the Indus and Kabul rivers, 
important in its commercial and political bearings, was predicted. 

he importance of conserving our Indian forests was first discussed at the meetings 
of the British Association in 1850 and 1851, and since then the subject had attracted 
great attention, both in England and in India. 


Ranunculus radians (Revel) as a British Plant. 
By W. P. Hiern, M.A., Fellow of St. John’s College, Cambridge. 


Ranunculus radians is a new name in British Botany. It undoubtedly grows in 
England ; but it must be discussed how far it differs ifically from ita allies. I[ 
discovered it at Silverdale in North Lancashire on the 16th of ti une, 1864, and have 
gathered it again this year in the same locality. Ranunculus trichophyllus (Chaix) 
seems to me to be most likely to be confused with this plant. The floating leaves 
of my plant serve to make a striking difference, inasmuch as Professor ington 
states that Ran. trichophyliue has never been found in Britain with floating leaves. 
Moreover the fruit and other parts of the plant present distinguishing characters. 
I sowed some seeds of it in my room at college on 15th July last, and I have 
already (4th September, 1865) got a floating leat. I have seen a small portion of 
a plant or plants from Belfast gathered this season, somewhat resembling my plant. 
The following characters of my plant serve to distinguish it from its special 
reference being made to Ran. trichophyllus. 

The fruit has a very convex keel below, and commonly the upper edge is more 
or less depressed towards the base and convex near the style: to the depreasion 
thus formed, the transverse ridges on the achene mostly converge. 

The receptacle is spherical, or nearly so. 

The floating leaves are radiant, with lobes contiguous and often pedicelled. 

The capillary segments of the submerged leaves are rather flacci 

The stamens namber from 15 to 18, generally 17. 

The number of veins on the petals is about 7 at the middle, where the yellow 
colour ceases (und these subdivide at the margin into about 11). 

The petals are contiguous, obovate, widened at the free end, contracted at the claw, 
and at least twice the length of the sepals. 

The stem attains the length of from 1 to 2} feet. 

Upon sending a good specimen to Professor Boreau of Angers, I received a 
decisive reply. He says, I have no doubt but that the plant which you have done 
me the honour to send me belongs to Ran. radians (Revel). The foliage is abso- 
lutely the same as in the plant that I possess from the same author! He also states 
that Ran. trichophyllus never has floating leaves, and that when theese appear, the 
plant belongs to some other species. 

In a paper on “the British Species of Batrachian Ranunculi,” read before the 
Cambridge University Natural Science Society last October, I showed, among 
other things, that a convenient artificial method of classifying these plants was 
found to consist in exhibiting geometrically the position of each (sub)species, 
referred to two axes; the number of stamens which the (sub)species commonly 
has being measured in inches or other linear unit along one axis, and the number 
of veins on the petals being measured along the other axis. On fixing the loci of 
the (sub)species in this manner a remarkable law is observed: five of the most 
closely allied (sub)species, §. e. Ran. Drouetii, trichophyllus, Baudoti, confusus, 
heterophyllus, lie in one straight line; and the three next (sub)species, i. e. Ran. 
peltatus, floribundus, tripartitus, lie in another straight line which is near the former, 
and parallel to it. The parallelism can be shown on mathematical principles to 
expres close affinity. . 

ow on placing the plant which is the subject of this paper after the same 
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fashion, it is found to lie on the former straight line, intermediate between Ran, 
trichophyllus and heterophyllus. 

M. Revel, the author of the species, found the plant to remain constant during 
five successive seasons. 

Whether it is considered as a distinct (sub) species, or as a variety of Ran. tricho- 
phyllus, I thought a notice of the plant would be interesting. 

The paper was accompanied by several specimens and a drawing of the plant. 


On the Identity of Origin of Starch and Chlorophylle. 
By Dr. W. Hinns, Professor of Botany, Queen’s College, Birmingham. 

Whoever has devoted much time to the investigation of the internal structure of 
plants, must have often been at a loss to determine the exact nature of the various- 
sized granular objects which meet the eye. These ules abound in nearly all 
vegetable tissues, and vary in size from those of Canna edulis (or Tous-les-mots 
starch-granules), the largest known, to the vanishing-point of sight with high 

wers. 

Pe During several years of close examination of vegetable tissue, the author has 
endeavoured as far as expedient to divide these definable granular bodies into starch 
and chlorophylle ules, but the extreme resemblance in a vast number of in- 
stances between them, while it has been sometimes a source of perplexity, led to 
his examination of them with the view to determine how far these bodies were 
identical in their nature and origin. After a series of experiments and investiga- 
tions, he arrived at the conclusion that these two series of granules must be con- 
sidered fundamentally the same, one series being merely coloured or chlorized. 

The grounds on which this conclusion has been arrived at may be thus epitomized. 

Chlorized and unchlorized starches are found in the same organ in simple obedi- 
ence to situation with renpect to light. This is seen in the stem of the common 
and mature geranium. e granules are here found of the same size and form. 

The same fact is seen in the case of the common potato tuber. Below the soil, 
all the granules are colourless; but, exposed for even a short period to light, the 

ules begin at once to become chlorized at the surface. 

Even when detached from the plant and placed in a warm atmosphere with free 
exposure to light, this process of chlorization goes on rapidly. In the paper, of 
which this is a very short abstract, it is shown how this effect can be produced at 
will, and by covering over some parts of tubers, and leaving other parts exposed to 
light, chlorization printing in letter or ornament and in the negative may be pro- 
duced. In the author's paper the subject of tests and reactions in reference to starch 
and chlorophylle granules is examined, together with the chemical features of the 
matter. 

The solubility of chlorophylic colouring-matter is also considered, and the reason 
why ordinary chlorophylle granules are not sufficiently perfect to exhibit iodic re- 
action ; in this respect, indeed, resembling the acknowledged starches which are found 
in such fruits as cucumber, and such roots as turnip and carrot, the starches in 
which will seldom show the proper iodic reaction. 

The author concludes that unchlorized starch-granules will never be produced in 
the light, for immediately they acquire form and consistence, they become chlorized. 

Also that chlorization will take place in dead, and therefore vitally quiescent 

ules, when under certain conditions they are exposed to light, and that there- 
ore chlorisation is a chemical, or at any rate not a vital process, as heretofore 
conside 
The almost universal green of nature is amylaceous, and can supply fuel, at least 
in the matter of food, to animals. Partly or wholly decolorized to the ordinary 
observer, a3 in shrivelled or dry grass as hay, the same amylaceous principle is yet 
present. The nutritive properties of hay which can support, of itself, animal hfe, 
cannot depend on the tissues alone, or on the fruits, which in the minor grasacs 
are insignificant. On the other hand, amylaceous matters are known to be intensely 
nutritive, and those parts of plants in which this principle is concentrated are 
nutritive in proportion to the amount of that concentration. 


1865. 6 
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On a Monstrostty of the Rose. 
By Dr. W. Huns, Professor of Botany, Queen’s College, Birmingham. 

The specimen introduced serves to illustrate the teratology of the tribe to which 
the rose belongs. It may or may not be unique, but it is at any rate one of the 
most rare transformations. Cases of the conversion of sepals into ordinary leave 
are common enough, and are depicted by Balfour, Lindley, Fentley, and others. In 
the apetalous apple we have the petals transformed into sepals, or rather the required 
petals have developed merely as sepals. In the cultivated rose we have stamens 
merely developing as petals, and the carpe’s are imperfectly seen, or are converted 
into stamens, as described by Bentley. We have thus a ete series of trans- 
formations, with two exceptions. Of these, the first is supplied by the rose depicted 
in the ‘Gardeners’ Chronicle,’ in which a branch (leaf-bud) and leaves have developed 
in the centre. The second, which completes the series, is now supplied in the shape 
of a flower bud and peduncle developed in the centre of the primary flower, instead 
of carpels. It seems to show that nature being interfered with has made a second 
effort to accomplish its ends. 

At first sight this may appear to be one of the highest transformations, but a little 
consideration will probably show it to be one of the lowest. There is one lower, 
namely the leaf-branch. 


Dr. JonpaANn exhibited an abnormal growth of a bud of a birch-tree. 


On the Relations of the Southern to the Northern Flora of New Zealand. 
By W. Lauper Linnsay, M.D., F.RS. Edin. 


The North Island flora has hitherto been regarded, in the absence of an equally full 
knowledge of the South island flora, as correctly representing the general vegetation 
of our New Zealand possessions. But the New Zealand islands extend through 13 
degrees of latitude, and the floras of their northern and southern extremes neces- 
sarily present various marked differences. The former flora is more ical, and 
the latter more antarctic in its affinities. The former, moreover, is richer 1m natural 
orders, genera, and species. 

Until very recently, however, comparatively little was known of the Otago flora, 
all collections previous to 1861 having been made on its coasts, and, with a single 
limited exception, on its western coast. In 1861, the author botanically examined 
the vicinity of Dunedin, and the settled districts between that capital and the 
Clutha river—all on the eastern seaboard of the province. The immediate fruits of 
this examination included (in the department of Pheenogams and Ferns alone) out 
of a total of 285 species :— 

A. 5 species new to science, or 2°12 per cent. of the whole. 

3 not previously found in New Zealand or elsewhere. 
2 previously found in certain other parts of New Zealand. 
. 6 species not previously found in New Zealand, or 2:12 per cent. 
1 sp. Antarctic. 
3 — Tasmanian. 
1 a native of Tasmania, Britain, and various temperate regions. 

C. 22 species not previously found in Otago, or 9°36 per cent. of the whole, many 
of them previously supposed to be confined in their geographical range in New 
Zealand to the North fland. 

. 80 species rare in O or New Zealand, or otherwise exhibiti iarifies 
of phical distribution; or 12°76 per cent. of whole. ting Pecalian 
. 25 species British, and indigenous in Otago; or 10°63 per cent. of the whole. 
_ Of these, 10 species, or 40 per cent., are aquatics or semi-aquatics. 

In addition to these, and to the total of 235 species, there were 27 species of 

British plants Naturalized in Otago. 
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Since 1862, the tnterior of Otago has been explored by the Government Geologi- 
cal Survey, and the collections made by the botanist attached thereto have largely 
paded to our knowledge of the flora, more especially of its Alps and great lake 

asins. 

The author's main object in this memoir, which is confined to the departments 
of Phenogams and Ferns, is—taking Otago as the type of the South, and Auckland of 
the North, Island—to institute a comparison between the floras of these respective 
provinces or islands. 

The subject matter is stated in great measure tabularly and statistically as follows : 

A. Differences. 
Group 1. Enumeration of Natural Orders occurring in North Island, but not 
ID Otago oo... eee c cece cece cence cee eee e ee eneeeeeeees 
2. Enumeration of Genera occurring in North Island, but notin Otago 91 
3. Enumeration of Genera occurring in Otago, but not in North Island 10 


B. Resemblances. ; 
Group 1. Enumeration of Natural Orders common to North Island and Otago 67 
2. Enumeration of Genera common to North Island and Otago .... 215 
8. Enumeration of Species common to North Island and Otago .... 581 


C. Preponderance in favour of North Island. 
Natural Orders...... 22 


Characteristic Northern Genera .... 32 
9? . Southern 99 eee 10 


On the Propagation of Ferns by means of Spores. By E. J. Lowe. 


ZOooLoey. 


On the Genus Anceus (Anceus and Praniza, Auct.). 
e . By Spence Bare and Professor WEsrwoop. 

After giving the history of this peculiar genus, the authors, while admitting the 
ability and general correctness of the recent researches of Mr. Hope, dispu his 
right to give the name of Praniza, which had been previously used as that of an adult 
animal, as belonging to a larval or young form only. ey considered that to 
Mr. Hope belong the merit of having demonstrated that Praniza was the adult 
female of Anceus, but they differed from him in believing that the male Anceus ever 
was 8 Praniza, and showed that the two sexes passed ugh separate forms until 
each arrived at the adult stage; after which period they lose their parasitical cha- 
racter. That this change of condition is coeval with important structural alte- 
rations, by which both males and females lose their oral apparatus, together with 
stomach and alimentary canal. The mandibles in the male become large prehen- 


sile organs. 


On the regard due to Usage and Utility, as well as mere Priority tn fixing 
Zoological Nomenclature. By P. P. Canpenrer, B.A., Ph.D. 


When generic names have come into almost universal use, and are good in them- 
selves, it would save great confusion to allow them to remain. As in property, ry 
certain number of years’ undisputed possession might be regarded as a right. It is 
hard to give up such because it is discovered that an obscure writer y named 
an ill-defined group a short time in advance. The new (so-called old) name might 
itself have to be displaced when some other antiquary had unhappi g disinterred 
some older and worse book which had been fortunately forgotten. Surely use is 
the most complete publication. 


GF 
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Notes on the Voracty of Chiasmodus. By Dr. Camre. 


Dr. E. Perceval Wright exhibited for Dr. Carte a specimen of CAsasmodhs sige, 
Johnson, which had bren sent to the Muscum of the Royal Dublin Society br 
Capt. Sir Leopold M‘Clintock, R.N. The fish had been found by Dr. Imery floatirz 
on the surface of the sea ncar Barbadoes, with a species of the genus Scopelus in 
its stomach. The swallowed fish was nearly twice the size of the swallower, and 
the tegumentary covering of the abdomen of the latter was stretched as thin a: 
goldbeater’s leaf. A drawing of the specimen by Mr. N. Walsh of Dublin was als 
exhibited, showing the position of the Scopelus in the abdomen of the Chaasmods:. 


On the Relative Weight of the Brain, and on the External Form of this Organ, 
in relation to the Intelligence of the Animal. By Enwarps Crrsr, M.D. 


Dr. Crisp illustrated his paper with 126 casts in wax and plaster-of-paris of the 
brains of different species of animals taken by himself; among these, were th: 
casts of the brain of the Chimpanzee, Orang, Gorilla, and of two species of Gibbon, 
and the cast of the brain of the Irish Elk (Megaceros Hibernicus), made by fillin: 
the skulls with plaster-of-paris; but many of the casts were from the brain: 
themselves. ‘he author thought that much error prevailed ing the belief 
that the amount of intelligence corresponded to that of the number of the convo- 
lutions; he found that some animals with but few or no convolutions, as the 
Marmot, Kat, and many species of birds, had a large amount of intelligence: 
whilst many others, as the Ruminants, with abundant convolutions, were com- 
paratively eficient in intelligence. The paper was further illustrated by a Table of 

6 different species of animals, the bodies and brains of which (with a few ex- 
ceptions as regards the body) were weighed by the author. As was well known, 
the brain of man averaged about 48 ozs. in weight, that of a woman 4 or 5 ozs. less, 
forming & proportion of about y); to 7; of the body; but on looking over the Table, 
& great many animals among the Quadrumana, Rodentia, and Aves had relatively 

er brains than man, but then it should be remembered that the brain in small 
animals, like most of the organs, was proportionately large. 

The weights of the brains of « few animals dissccted and weighed by the author, 
were as follows :— Young Chimpanzee (8S. troglodytes), body 1 pe brain 12 ozs. 
Young Orang (S. satyrus), body 20 lbs. 30za.,, brain 103028. In a young Rhesus 
Monkey (4M. rhesus), at birth, the body weighed 11 oza, the brain 2ozs. 20 grs 
In a foetal Vervet Monkey (C. pygerythrus), body 8 ozs., brain loz. 80 grs. In‘s 
foetal Hybrid Monkey, 6 ozs. 520 gre. brain 500 grs. In a fcetal Green 
Monkey (C. callitrichus), bod 2 ozs. 1 -» brain 196 gre. Chacma Baboon 
(C. porearius), body 40 ibs., brain 6 ozs. 170 grs. Spider onkey (A. ater), body 
ti » brain 2ozs. 10grs. Cebus apella, body 2 lbs. 50zs., brain 2oza. 10 gr. 

armoset (H. vulgaris), body Gozs., brain 166 grs. Vampire (Desmodus), body 
8 oze. 200 ers., brain 90 grs. Brown Bear* (U. arctos), body about 560 Iba, brain 
13} 028. Lioness (F. leo), body 268 lbs., brain 7 ozs. Sea Otter (M. lntris), body 
about 30 \lbs., brain 30zs. 160 gra. Porpoise (D. phocena), body 601bs., brain 
15 0zs. Seal (P. vitulina), body 401bs., brain 120za. Capybara (HL. eapybar), 
body 45lbs., brain 2ozs. Harvest Mouse (M. meseorins). body 111 grs., brain 
6grs. Armadillo (D. sercinctus), 7lbe., brain 205grs. Young Tapir (7. anv- 
ricanus), body 148 lbs., brain 7 ozs. 380 grs. Elephant (£. indicus), y abond 
6720 lbs., brain 12 lbs, Giraffe SC. gira a) body about 1790 lbs, brain 15 ozs. 
Harte Beest (B. caama), body about 336 lbs., brain 9 ozs. -Aves:—Golden Eagle 
(4. chrysaétos), body 74 lbs., brain 260grs. Raven (C. corax), 3 lbs. 2 ozs., brain 

93 gre. Yellow Hammer (ZL. cstrinella), body 420 grs., brain 8 gra. Gold Crest 
(f cristatus), body 81 gra., brain 6 grs. Magpie (P. caudata), body 9 ozs., brain 06 gr. 
eron (A. cinerea), body 4 lbs. 10 ozs., brain 138 grs. Maribou Stork (C. maribou), 
body about 16 lbs., brain 145 gra. Toucan (2. toco), body 8 ozs., brain 48 gra. Brush 
Turkey (7. Latham), body 41bs. llozs., brain 45grs. Young Ostrich (8S. ca- 
melus), body about 60 lbs., brain 473 ars. Reptitia :—Hawk's-bill Turtle (7. caretia), 
body 12lbs., brain 45 gra, Sand Lizard (Z. agilis), body 113 gra., brain ! gr. 


* This Bear was for many years at tho Regent’s Park Gardens, and I believe it was the 
largest ever seen. 
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Y iper (VP. berus), body 1 0z. 335 grs., brain ? gr. Pisces :—Pike (E. luctus), body 
4 Ibs. 6ozs., brain Ggra. Eel (4. vulgaris), body 3 lbs. 12 oza., brain 1 gr. C 
(CG. morrhua), 20 \bs., brain 55 grs. Portbeagle Shark (Z. cornubioa), body 40 lbs., 
brain 111 gras. Lamprey (2. marinus), body 3 lbs. 1 0z., brain 1 gr. 

In the bodies of the larger animals ounces and grains are omitted. 

rom this, the first part of the paper, the author drew the following con- 
clusions :— 

1. That the EXTERNAL ForR«M of the brain alone in most animals is to a grent 
extent an indication of the comparative amount of intelligence ; but to this rule 
there are many exceptions, as in the examples of the Elephant, Dog, Seal, Rat, 
Marmot, and many birds. 

2. That the same inference may be drawn from the covered or uncovered state 
of the cerebellum, as instanced by the last-named vertebrates. 

3. That the number and figure of the convolutions are to some extent tolerable 
indications of the amount of intclligence in Mammals; but to this rule there are 
also many exceptions, as exemplified by a comparison of the brains of the Bats, 
Capybars, Rats, Mice, Monotremes, and many others. . 

. That, looking to the weight of the brain and of the body in the 226 animals 
cnumerated in the Table, and carefully selecting animals of the eame claes and size, 
it is evident that the most intelligent mammals and birds have the largest bruins, 
and that there is no example of an animal with a relatively small brain that pos- 
sesses A great amount of intelligence. 

As the views of the author may be misunderstood in the above abstract the fol- 
lowing from the paper is added :— 

“ As regards the number of the convolutions in relation to the amount of intelli- 
gence, I believe that much error prevails upon this subject. As is well known, the 

rains of Birds, Reptiles, and Fishes are without convolutions, and so with the 
brains of many Mammals. If we look to the ascending scale of Mammals, be- 
ginning with the Mfonotremata and Marsupialia, we find some of these with a 
ater abundance of convolutions than in the higher divisions; thus the Bats 
ave smooth brains, and so have most of the Rodents; many of the latter, the 
Mouse, Rat, Beaver, and Marmot, possessing a great amount (comparatively) of 
intelligence, whilst the Capybara, an ani with several cerebral convolutions, 
is apparently one of the most stupid of the class. The brains of the Edentata are 
smooth, whilst many of those of the Marsupiata are convoluted to a certain ex- 
tent. Again, the Carnaria, Ruminantia, and Pachydermata are abundantly sup- 
lied with convolutions, but many animals in these divisions are very deficient in 
intelligence and docility.”’ 


On the Food and Habits of the Mole, Sparrow, and of the Vespide. 
By Evwanps Crisp, M.D. 


For many years the author has been endeavouring to ascertain, by numerous 
examinations, the nature of the food of the mole and of the sparrow, and his 
examinations at various seasons have been so numerous, amounting to a thousand 
nt least, of each of these animals, that he spoke with confidence respecting the 
correctness of his conclusions. The mole can scarcely be called an insectivorous 
feeder, for its food consists almost entirely of the common earth-worm. He had 
never met with a wire-worm in the stomach of any mole that he had examined. 
The sparrow is almost exclusively granivorous, and obtains insects chiefly for its 
young ; but these, when compared to the quantity of grain consumed, are ve 
imited. Of the dried gizzards of 100 young sparrows which were exhibited, it 
was seen that but few contained insects. 

Hornets and wasps do a vast deal of good by destroying insects in all stages of de- 
velopment, as the author had an opportunity of seeing when he had Kept the grubs 
and perfect hornets under large bell-glasses. He had, moreover, had an oppor- 
tunity of watching hornets through a crevice in the door of a pigeon’s locker, in 
which a nest was constructed, and the quantity of insect food consumed by theee 
generally despised robbers was immense.’ Tables of the examinations of moles 
and sparrows at various seasons accompanied this paper. 
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On the External Form of the Hand and Brain of the Orang (8. satyrus). 
By Evwarps Crisp, M.D. 


The injected brain of an Orang and the hand of an animal of the same ies, 
formerly belonging to the Linnean Society, and believed by the author to be the 
largest ever seen, were exhibited by way of contrast with the same organs in man. 
The measurements of the Orang’s hand were as follows :— 

From the carpal joint to the longest finger 11 inches; across the palm 2 inches 
pth ; the motacarpus 4 inches; the middle finger 5 inches; the thumb 2 inches 4th ; 

om the root of the thumb to the point of the index finger 9 inches. 

By these measurements, it will be seen that the hand of this ape is longer by about 
4 inches than the human hand, and about 1 inch longer than that of the largest 
Gorilla. In a large Orang, in the possession of the author, the measurement from 
the tip of each finger, when the arms are extended, is 7 feet 11 inches, and the 
same measurement in the animal in question must have been of much greater ex- 
tent, exceeding that of any human giant. 

The brain of the Orang, when compared with that of man, presents many im- 
portant deviations, not only as regards size, but especially in the direction of the 
medulla oblongata, an important feature that has been apparently overlooked. In 
the brain exhibited, as in Dr. Rolleston’s specimen, the cerebellum is not wholly 
covered by the cerebrum; and the same is the case in the brains of two Gibbons, 
casts of which were exhibited; but in the twenty-eight casts of the brains of 
various Quadrumana the cerebellum was in nearly all covered by the cerebrum. 
The difference in the number and figure of the convolutions, the want of lateral 
and anterior cerebral development, and the more vertical direction of the fissure of 
Sylvius have been pointed out by different observers. Another very important 
matter Dr. Crisp believed had been overlooked by all writers on this subject. seen 
by the brains of foetal monkeys, and monkeys at birth, which were shown to the 
Section, it will be noted that the brain at this period is much larger than in the 
human foetus and child at birth; but it must be remembered that the apes and 
monkeys, unlike the child, and like many of the inferior animals, are able to take 
care of themselves, to a great extent, as soon as they are born, and at once 
evince a great amount of activity. The author controverted Professor Huxley's 
statement in his Lectures at the Royal College of Surgeons, “ that there was less 
difference between man and the anthropotd apes than between these and the lower 
Quadrumana.” The existence of a penis-bone in these apes, the author held, was 
alone sufficient to disprove this conclusion; he hoped hereafter to adduce abundant 
additional evidence against this inference. 


A Description of Two New Species of Aporose Madreporaria, from Guernsey. 
By Dr. Duncan. 


Mr. H. S. Exxis exhibited some Tiles with Young Oysters. , 


On the Occurrence of the Bones of Extinct Struthious Birds in New Zealand in 
the same Oven with those of the Dog. By the Rev. F. Hewtert. 


Notes on the Development of a Deep Sea Sponge. By W.R. Huanzs, FL-S. 


The specimens, six in number, and each about the size of a pin’s head, 
were dredged in the neighbourhood of Torquay, in the month of July 18638, and 
were afterwards placed in an ordinary aquarium, consisting of a large round glass 

having a bottom of three inches of sand, and holding about a gallon and a 
Palf of water. The aquarium was placed in a N.E. aspect, and the stones and 
shells in it were well covered with confervoid growth. The sea-water in the vessel 
was never changed, but fresh water was occasionally supplied to compensate for 
evaporation ; it was always pure and limpid as crystal. The specimens continued to 
develope, and by the month of December 1864 had each attained the size of a large 
~sa, and about this time two, which were originally half an inch apart, coalesced 

further continued to develope. By an accident, in the month of February 
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last, a portion of this particular sponge was lacerated and partially detached from 
the shell on which it was located. The injury was gradually repaired, and in six 
weeks afterwards the sponge was as firmly coherent and attached as before the 
accident. The inhalent and exhalent processes went on chiefly at night, or when 
tke aquarium was darkened. Dr. Bowerbank, to whom some of the other speci- 
- Mens were sent for identification, pronounced them to be Halichondria ea 
(Johnston), Hymensacidon suberea werbank), and stated that “he had never 
known this species to develope itself in a vivarium before, its usual locality being 
on shells, &c., seven to ten fathoms deep, and he had only once found it between 
tide marks at Tenby.” In the month of July last (two years after being taken) 
the sponge had attained the size of a bean, but died about this time, apparently 
from the effects of excessive confervoid growth, which prevented the free action of 
the oscula and pores. These facts are recorded as an evidence of the great practical 
value of the marine aquarium as an instrument for the study of similar phenomena, 
conuected with marine zoology. 


Mr. W. R. Hueues, F.L.S., exhibited in an aquarium specimens of Lepidogaster 
bimaculatus and L. cornubiensis. The first named is one of the smallest of British 
fishes, and one of the most attractive tenants of the aquarium. It is somewhat 
tadpole-shaped, does not exceed two inches in length, the colour is a delicate pink 
slightly speckled, but is subject to great change, dependent perhaps on the passions. 
The eyes are of a beautiful colour, not unlike (if such can be euppored) living 
opals set in an areola of burnished gold; and they probably have double vision, in 
consequence of the optic nerves simply crossing in their transit to the brain without 
any commissural communication. A curious feature and distinctive{character of 
the genus is that they have the power of attaching themsel vee and firmly adheri 
to stones and old shells at the bottom of the sea, by means of a sucker compose 
of the union of the pectoral and ventral fins, and consisting of two cartilaginous 
Plates surrounded by a fringe. The movement of this sucker is effected by largely- 
eveloped muscles springing from the vertebral chain. 


On the Homologies of the Lower Jaw, ani the Bones connecting it with the Skull 
in Birds, Reptiles, and Fishes. By Dr. G. M. Humeury, F.L.S. 


After pointing out the features which characterize the lower jaw in mammals 
on the one side, and oviparous animals (birds, reptiles, and fishes) on the other, 
showing that in the former it invariably consists of one bone only, or one on each 
side, whereas in the ovipara there are three or more bones on each side, Dr. Hum- 
phry indicated that these differences have relation to the functions performed by 
the jaw in the respective classes. In ovipara, fishes especially, the offices of the 
jaws are chiefly confined to swallowing, which is commonly done with a gulp, 
without any previous division or mastication of the food, and every facility for 
swallowing is afforded by subdivision of the bones and the widening the pharynx. 
In mammals, the jaws being employed in seizing, holding, tearing, as well as swal- 
lowing food, they are, for the purpose of greater strength, consolidated into one 
bone, which is firmly connected with the skull. The uniformity of this plan, in 
spite of certain departures in particular animals from the general functions thus 
assigned to the jaws, was adduced by the author as an illustration of the important 
principle in zoology that, though the construction of a part in any class is deter- 
mined by the general function of the part in that class, yet the same plan of con- 
struction is found even in those members of the class in which the function is 
different. 

Dr. Humphry then pointed out that, though the mammalian jaw consists of one 
bone only on each side, yet it presents certain distinct; and prominent parte— 
the dentary, the angular, the coronoid, and the condyloid or articular parte— 
which obviously correspond with the separate bones bearing those names in 
ovipara, adding that if the dentary, the angular, and the coronotd parte of the one 
be regarded as homologous with the dentary, the angular, and the coronotd bones of 
the other, there is the strongest ground for believing that the articular part of the 
mammal is also homologous with the articular bone of the bird, the reptile, and 
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the fish—at any rate, that very strong reasons ought to be given before we are 
called upon to renounce that which, upon the face of it, ia so probable. 

The squamous part of the temporal bone to which the lower jaw is, directly or 
indirectly, invariably attached, is in mammals always com of one bone, and 
developed frum one centre, like the lower jaw; and like it, it consists of certam 
well-marked parts—a glenoid part, a squamous part, and a zygomatic pert. 
Dr. Humphry believes that as in the lower jaw the component parts of the mam- 
malian bone correspond with the several bones of the ovipara, e0, in the temporal 
bone, the component parts of the mammalian squamous co nd with the 
separate bones of this region in ovipara; that is to say, the “glenoid ” corresponds 
with, or is homologous with, the “ quadrate,” the “‘ zygomatic” with the ‘ qua- 
drato-jugal,” and the “squamous ”’ proper with the “ squamoeal.” 

By Cuvier, and most subsequent anatomists, including Owen, the quadrate has 
been regarded as the representative of the tympanic. In controverting this view, 
Dr. Humphry showed that neither in position, in function, nor in development, 
doés the quadrate correspond with the tympanic. The tympanic bone is simply a 
part of the auditory organ, having no relation whatever with the masticatory 
apparatus. In the descending series of animals we find that the auditory organ 
becomes simplified, part after disappearing, till, in the fish, a membranous 
lebyrinth alone remains. And it is far more probable that the tympanic bone 
shares this failure, and dwindles or disappears, than that it becomes magnified and 
subservient to a totally different purpose. We are, moreover, prepared for its 
disappearance in the inferior classes by the very great varieties which it undergoes 
in mammals, which were pointed out in considerable detail. It was shown, as the 
result of dissection, that the quadrate does not commonly sustain the tympanic 
membrane, and that in many reptiles this function is performed by a distinct ring 
of bone resembling the tympanic bone of the mammalian foetus; and this ring, 
and not the quadrate, is really the representative of the tympanic bone. 

Dr. Humphry next proceeded to examine the view propounded by Vogt, and 
adopted by Huxley, that certain of the ossicula auditus—the malleus and incus— 

in ovipara, modified and magnified co as to form part of the mandibular 
pedicle, in short, that the malleus becomes the articular segment of the jaw, and 
the incus becomes the quadrate. Such a transposition of pas topographical as 
well as functional, as is implied by this view is not, the author believes, in accord- 
ance with the laws of development and morphology. Each o he observed, 
throughout the animal world, is made to bear its own burden, and by the develop- 
mental forces of its own parts furnishes the structures necessary to fulfil the re- 
quirements made of it in the different members of the animal series. The com- 
ponents of the eye are not transformed to the accommodation of the ear; neither 
can we think that the bones of the ear are transformed to the accommodation of 

e mouth. 

The arguments in favour of the view referred to are founded chiefly upon deve- 
lopment and the relations of the parts concerned to Meckel’s cartilage ; and Profes- 
sor Huxley has laid much stress upon these relations in the pike. But Dr. Hum- 
phry maintained that, even in the pike, the articular bone of the jaw is, like the 

entary bone, developed, not in and around Meckel’s cartilage, but on its outer side, 
and is easily stripped off from it. Any homological inferences, therefore, deductible 
from this relation apply to the dentary bone as strongly as to the articular bone. 

Dr. Humphry further showed, by the same kind of reasoning as in the case of 
the tympanic bone, that the varying conditions of the auditory ossicles in mammals, 
the coalescence of the malleus with the tympanic in certain cetaceans and in mo- 
notremes, together with the emall size or absence of the incus in the latter ani 
prepare us for the disappearance of those bones in the simpler auditory organ of 
ovipara. He combated the idea that the development of the quadrate in cartilage 
is any sufficient reason for regarding it as the representative of the incus, believing 
that the mode of development of a bone in cartilage, or from membrane, is not to 
be laid much stress upon as a matter of homological significance. 

The careful consideration of the matter from a development, as well as from a 
topographical and functional point of view, convinced him that we must not suppose 
either the tympanic bone or any of the auditory ossicles to be represented by the 
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quedrate ; but that it is far more  Brobable that a subdivision of the temporal takes 
lace, corresponding with the subdivision of the lower jaw, and of certain other 
ones in ovipara, and that the glenoid part is represented by the quadrate, and the 
zygomatic part by the quadratojugal. This view is, moreover, in accordance with 
the relations of muscles and nerves to the respective parts, and with the position 
of the quadrate and the glenoid. 


An Examination of the British Lepidoptera, with a view to investigate the 
Origin of Species, By Dr. Jonpan. 


On the Transformations of Chloéon (Ephemera) dimidiatum. 
By Sir Joun Lusnock, Bart., F.RS., VP. Linn, Soe. 


The author commenced by observing that Chloéon dimidiatum, the subject of his 

t, belongs to a group of insects (the Ephemeride), which has become a house- 
Eo d word among us, as the type of a short life. The idea holds good, however, 
only if we consider exclusively the life of the animal in its perfect condition; but 
if we regard the whole duration of life from the time of leaving the egg until the 
moment of death, it is by no means so appropriate. 

The larva, in the earliest stage observed by the author, is a minuto, transparent, 
active creature, with a large head, a tapering abdomen, and two long caudal appen- 
d It spends about a year in the water, during which time it increases 1n size, 
and alters considerably in appearance. These changes, however, are produced quite 

ually, the insect going through about twenty changes of form, each accompanied 
y 8 change of skin. 

The antenns increase in length and in the number of segments at each moult, 
and it is remarkable that this increase is not produced by 8 growth of the entire 
organ, but by a rapid development and division of the third segment, counting 
from the base. In the first stage the larva has no respiratory organs, either exter- 
nal or internal. After the first change of skin, however, the posterior angles of 
several abdominal segments become elongated, and after one or two more moults, 
these elongations haye taken the form of the gills, or branchir, characteristic of 
the species. At the same time, the trachee make their appearance. So far as the 
author is aware, no other ingect has yet been observed which is entirely destitute 
of trachesm. After the first one or two moults, a minute knob appears between the 
two caudal appendages, and with each moult this knob increases in length, so that 
the larva which had originally two tails, finally possesses three. 

After about eight moults have taken place, it may be observed that the posterior 
mesothoracic angles are slightly elongated. At each change of skin, these, the first 
rudiments of the wings, become more and more apparent, and in the last aquatic 
atage these rudimentary wing-cases cover the first two or three abdominal segments, 

he external sexual differences commence to manifest themselves at the eigh- 
teenth stage. They consist principally of the rudiments of the pillared eyes, and 
of the processes on the under side of the penultimate abdominal segment, both of 
which are characteristic of the male sex. 

The author then described the manner in which the larva quits the water, a pro- 
cess which does not occupy more than ten seconds. It is well known that the 
ephemeras pass through one more moult after acquiring their wings and leaving the 
water. The author described the principal differences between the pro-imago and 
the imago, or perfect insect, and concluded by some general observations on the 
subject of insect metamorphoses, laying special. stress on the fact that, as was shown 
in this paper, the changes in the larva are not all in the direction, so to say, of the 
perfect form. Thus, for instance, the young larva has two tails; a third is gradu- 
ally developed ; but again the perfect insect has only the original two. 

we bear this in mind, and remember that external circumstances continually 
act upon the larve, that the form and characters of the larva have special reference 
to its own habits and conditions of life, we ehall throw some light on the otherwise 
inexplicable fact that in some cases insects and other animals which agree very closely 
in their perfect condition have larvee which differ 8 good deal from one another. 
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On the Characteristics of the South Sclavonic Race. 
By Miss Inspy and Miss Mackxenzrg. 

The writers of the paper contrasted the Sclavonic characteristics with those of 
the Greeks on the one hand, and the Germans on the other. The Greeks were 
ambitious and irritable; the Bulgarians were contented and not easily roused to 
anger. The Greek was subtle; while the Bulgarian waa strong in common sens 
and perseverance, The Bulgarians were especially devoted to the cultivation of 
the soil, especially in Servia, where they carried on a great part of the agricultur. 
They possessed a great respect for truth, of which the Greeks were entirely deti- 
cient. The poetry of the Sclaves was very picturesque, but it lacked much of the 

t merit of that of the Germans. In art they were not altogether deficient, 
ut the condition of the people precluded that cultivation of the fine arts which 
might otherwise have developed the tastes they undoubtedly possess, 


On the Turdus migratorius. By the Rev. A. W. M°Kay. 

This paper gave a minute description of the Red-breasted Thrush of North 
America, pointing out several particulars in which it resembled the thrushes of 
this country. It is a bird about the size of the common blackbird ; the head, baci, 
and wings being black in colour, and the breast and belly red, inclining to white 
about the region of the vent. Its note sometimes resembles that of the blackbird. 
especially when the bird is startled. Its song-note is much like that of the musical 
thrush of this country. The most remarkable peculiarity is in the colours of th: 
plumage of the young bird, which is spotted like the permanent coat of the thruah 
At the first moulting-season this plumage is cast off, and the ordinary red and 
black assumed. The bird is a universal favourite, for its familiar habits and th- 
beauty of its song. 


On the Arctic Highlanders. By C. R. Marxnam, F.R.G.S. 

The author said the people were found in latitude 76° and 79°, on the verge af 
the unknown polar region. The waters were crowded with seals, walrusses, and 
whales, and great quantities of small fish. Here they might expect to find man 
existing ; and there were actually about 140,000 souls scattered along the coast, f 
Asiatic aspect, as far as the outer man was concerned. They had no canoes, nz 
had they bows and arrows, but their sledges were superior to those of the Eaqui- 
maux. The hunting-season enabled them to accumulate large stores for winter u<., 
but sometimes those failed them, and great hardships had to be suffered in huntia: 
in January and February, and frequently they were reduced to eating their do<-. 
They, in common with the natives generally of that part of the world, had a wir- 
derfal talent for topography ; they were very fond of liberty, possessed great pow: r 
of endurance, and were very brave. He thought they had been derived origina! 
from the frontiers of Siberia. ° 


On Phosphorescence, Storms, and Disease. 

By J. Morrat, M.D., F.R.AS., F.GS., gc. 
The results given in this paper were deduced from observations extending ov-t 
a period of four years. It was asserted that phosphorus was luminous under tx 
conditions of the south or equatorial current of the atmosphere, and non-luminos+ 
under the north or polar current; that it becomes luminous on the approach :1 
storms, and that it becomes luminous, or, if luminous, it becomes more brillian: 
at the time that cautionary telegrams are sent out to give warning of epproachine 
storms. The author believes that ozone is produced when phosphorus is luminous» 
and that there is a connexion between luminous and ozone periods, and non-lursi- 
nous and no ozone periods. The commencement of these periods, and the approac* 
of storms were stated to be accompanied by diseases of the nervous and vascular 
systems. Storms, however, are useful in a sanitary sense, as they ventilate fever 
nesta and cholera localities. Dr. Moffat considers phosphorus an effective diainft-ct- 

ant, as a producer of ozone, and has used it as such for four years. 
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On the Scope of Conchological Inquiries. By Dr. Moncu. 

1. The three continents, viz., 1. Europe and Africa; 2. North and South America; 
3. Asia and Australia, owe their configuration to a definite plan, which can be traced 
in very old geological periods. 

2. These continents represent three different formations, geologically speaking. 

3. The old world is inhabited by the higher forms of each natural division, 
whilst the lower are found in the new world; e. g. the Quadrumana of the old 
world are higher in organization than those of the new world. The lowest mam- 
malia are characteristic of Australia. 

4. America is an island in the Atlantic Ocean, being in zoological respects limited 
by the abyss between the Gallo and Sandwich Islands. 

5. The limits of marine faunw depend chiefly on climate. 

6. Most species of one fauna have some characters in common, e. g. colour, sculp- 
ture, &c. ; 

7. Each fauna contains analogous species. 

8. The lingual dentition is of the test importance in deciding whether the 
specific differences of univalve shells have arisen from external influences, such as 
saltness or depth of water, or originally existed. ° 


On the Classificatiom of the Mollusca. By Dr. Moéxcu. 


1. The primary divisions of subkingdoms among animals cannot be founded on 
the locomotive organs, as proved in the case of Pinnipedia and Cetacea among 
Vertebrata. | 

2. Lungs and gills indicate only relative superiority and inferiority, but not the 
limits of systematic divisions. 

3. The presence of respiratory organs depends only on the thickness of the skin 
or other protective coverings impermeable by oxygen. 

4, The development of gills is dependent on the extent of the area impermeable 


by oxygen. 
"5. The form and size of the renal organ correspond with those of the gills. 

6. According to the number of the auricles of the heart, the Mollusca are divided 
into two groups, Monotocardia and Diotocardia, analogous toThermalia and Sicremia 
among Vertebrata. The fofmer division has a copulatory organ, which is wanting 
in the latter. / 

7. Gasteropoda with a retractile male organ are androgynous. 

8, Gasteropoda with an external but not retractile male organ are bisexual, with 
the exception perhaps of Valvata, according to Moquin Tandon. 

9. The development of a male organ indicates relative superiority of the nervous 
system. 

, 10. Great fertility indicates want of intelligence to provide for offspring. 


On the Zoological Affinities of the Mollusca. By Dr. Moncn. 

1. Radiata, in the sense of Cuvier, cannot be considered a natural division, being 
founded only on external form. 

2. The Acalephs have, in respect of external form, the same relation to the 
Acephala as the Cephalopoda to Gasteropoda; and they have, in respect of the 
gastro-vascular system, the same relation to Acephala as the Phiebenterata to Gas- ‘ 
teropoda. 

3. The division of Entozoa is artificial like that of the Infusoria, being founded 
only on characters dependent on their habits. 


The Platyhelmia have the same relation to Pellibranchiata as Linguatule to 
the Acari. 


5. The locomotion of the Pellibranchiata is performed, by the hind part of the 
mantle, the true foot being rudimentary only. 


* Cf. Malacozoologische Blatter, 1850. 
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Remarks on some Improved Methods of Displaying Birds in Publec Murex, 
illustrated by specimens from the Derby Museum at Liverpool. By Tuo 
J. Moors. 

The author suggested that groups of birds should be so arranged that the mx 
and female birds, their young, their nests, eggs, and the nature of ther hat 
might be seen at a glance, thus conveying to the non-scientific spectator an ama: 
of knowledge that no collection of isolated specimens could convey. 


On a remarkable Discovery of Bones of Didus in the Island of Rodngw:. 
By Evwarp Newton, M.A., C.M.Z.S., Acting Auditor-General at Maurits. 


In November 1804, the author, in company with some other gentlemen, viti< 
Rodriguez, and in a cave on the south side of the island (see ‘ this,’ 1865, p. Le 
three bones of a species of Didus were found. These have been described ix 
figured in the ‘ Proceedings of the Zoological Society’ for 1865 (p. 199, pl >: 
Encouraged by this discovery, the author, after his return to Mauritius, requestels 
friend at Rodriguez to continue the researches, from which want of time had ez- 

elled him to desist. The‘result is contained in the following extract from a kt 
ted “ Mauritius, 3rd August, 1865,” and communicated by him to the Sectic- 

“Two days ago I received from Mr. George Jenner, the Magistrate of Rodnge= 
—to whom be all honour—a box containing Turtles’ and Birds’ bones. With p-- 
sure I divided them, and found that of the latter there are remains of no les th= 
sixteen or scventeen individuals! They are all apparently of one species, but of t*: 
sizes, the difference in this respect being probably owing to sex. e most plenti. 
bones are tibire, of which there are two or three quite perfect, the antero-proxizs 
ends being well preserved. There are also several very good femora and metstar. 
three portions of pelves (showing most conclusively that they did not belong ts 
Struthious bird), one anterior end of a coracoid (showing the same), several humn 
of both sizes, an ulna and two radii, and a phalanx of the middle toe. Of thes! 
believe that the upper end of the tibia, the portions of the pelvis and of the cot 
coid, the ulna, radius, and phalanx are bones which have nut before been foun. 
and are therefore doubly valuable. I retain here a couple of perfect legs of the iw 
sizes for our Museum, but the rest I am sending home by this mail, It will be se 
that there is one tibia which is much longer than any of ‘the others; it is not a pt 
fect one, but there is such a strong rcsemblance between them all that I feel st 
they are but of one species. On reading over Mr. Bartlett’s paper in the ‘ Proceel- 
ings of the Zoological Society ’ for 1851 (p. 284), I must say that I do not think 
shows any good reason for supposing that the true Dodo ever existed in 
or that remains of more than one species have been found in that island, and, 26* 
that I have examined these bones, i am still more convinced of the fact. 

“Tam writing to Mr. Jenner to beg him to look out for some of the «mall 
bones, which I feel certain must exist, and with any luck I think we ought to 
a perfect skeleton some day.” 


On the Structure and Development of Salpa spinosa, Otto, as observed at 
Guernsey. By the Rev. A. M. Nozman. 


Phrenology, or the Physiology of the Brain, the most important depariamen! y 
Ethnology. By Dr. Parpgavx. 


Remarks on a curious preserved Specomen of the Blackbird. 
By P. O’Carraanan, LL.D. 


Tho author enid that a boy had informed him that he had seen a cock blackbird 
with a top-knot; by his directions the habits of the bird were observed, and it ¥# 
found that it had paired with an ordinary hen blackbird, and that they hed bul 
anest. On the young being hatched, three of them were discovered to pose the 
top-knot by which one of their parents was distinguizhed, and it was one of th 
_ that was exhibited to the Section. 
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On the Birth of a young Hippopotamus in the Zoological Society’s Gardens at 
Amsterdam. By P. L. Scrarer, Bf.A., 2h.D., F.RS. 


The author remarked that three pairs of this huge animal were now living in 
different Zoological Gardens of Europe, viz. in those of London, Paris, and Amster- 
dam. Though the female in the Gardens in London had often shown signs of 
breeding, and attempts at copulation had been made by the male, it was not be- 
lieved that conception had ever occurred. In the case of both other pairs, repro- 
duction had y taken place on several occasions; but the new-born babe had 
always perished, either from the violence of its parent immediately after ite birth, 
or from incapacity to take food whon removed from ita mother. e first success- 
ful instance of the reproduction of the Hippopotamus in Europe was therefore that 
which took place at Amsterdam on 20th July last, for the details of which Mr. 
Sclater was indebted to the well-known director of the Zoological Gardens in that 
city, Mr. G. F. Westerman. Copulation in the present instance had occurred on 
the 6th and 7th of December, 1804, so that the period of gestation was estimated 
at 234 days, which had been likewise confirmed in the previous cases of reproduc- 
tion in the same pair of animals. As soon as-the birth took place the little animal 
was removed from the mother, not without some difficulty, as the mother was 
already on her legs to defend it, and transferred to a separate house previously re- 
pared for its reception. Lere it is now thriving well and growing last every day, 
taking every day six or seven meals, about 23 gallons of milk mixed with one-fifth 
part of water. 


On the Occurrence of Orcynus alalonga on the Coast of Devon. 
By Dr. W. BR. Scorr. 


The Orcynus alalonga has but rarely been seen in British seas; one is recorded as 
having been taken at Portland, two in Mounts Bay in Cornwall, and this, another 
specimen, was captured on the coast of Devon, August 26th, 1865. 

The full length of this fish from the nose to the base of the caudal fin was 24 
inches; the girth round the pectoral fin 19 inches, and the girth immediately before 
the second dorsal 15} inches; the flesh in this part being very firm and solid. The 
head was pointed, the under jaw shightly the longest, the teeth small and incurved, 
and the gape about 4 inches; the nostrils very obscure; the eye large and slightly 
elevated and placed over the angle of the mouth. The sections of the gill-covers 
wero well defined, and from the nose to the gin opening was 7 inches. The pectoral 
fin, lodged in a deep depression, was 8} inches long and reached to about the mid- 
dle of the anal fin. There was a short space between the first and second dorsal 
tins, and there were eight finleta above and seven below. The anal and second 
dorsal fins were falcated; the tail deeply cleft, and the weight of the fish twelve 

ounds. The form of this fish was not so slender as that figured by Couch, and the 
length of the pectoral fin not so great, though fully up to the length given by Cuvier, 
who states it to be one-third the length of the body. This fish exhibited remark- 
able strength for its size, agreeing in this with the account given by the fishermen 
who captured the specimens taken in Mounts Bay. 


On the extraordinary partiality shown by Insects of the Genus Laverna for | 
Plants of the Order Onagracer. By H. T. Sraryton. 


The genus Laverna is a genus of moderate extent in the family Elachistida of 
the Tineina. The limita of the genus are not at present very accurately defined, 
and future investigation may show that its boundaries should be extended, so as to 
include some of the cognate species placed in allied genera. At present we have 
eighteen species in the genus, eight of which are distributed amongat plants of very 
different orders, occurring on Typha, Tamariz, Pyrus, Crategus, Quercus, Helian- 
themum, and Rhamnus ; the remaining ten species are restricted in their food to the 
Onogracea, and all feed on Epilobium, one species also feeding on Circea lutetiana. 
Three occur on Epilobium augustifolium, four or five on £. hirsutum, and two on 
£. montanum. 
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On the Natives of Patagonia and Terra del Fuego. 
By the Rev. W. H. Srerrine. 


The mission to which the author belonged was stationed on Falkland Islands, 
and the mission ship coming to England for other purposes, it presented a favour- 
able opportunity of bringing a few of the natives, four of whom were present in 
the Section-room. These natives belonged to the island of Terra del Fuego. There 
was undoubtedly an affinity between their race and the Patagonians, but the habits 
of life and the circumstances under which each lived were very different. The 
Patagonians were generally spoken of as giants; this was an error; forty of them 
had been measured, and their ave height was about 5 feet 1Oinches. The 
Fuegians were a shorter race. The Fuegians were very much harassed by the 
weather, for they had scarcely anything to wear besides a strip of seal-skin. Their 
diet was fish. They were canoe Indians. He had never discovered any traces of 
cannibalism, and even their taste for beef, mutton, and other flesh food had to be 
acquired. 


On the Domestication of certain Animals in England between the Seventh and 
Eleventh Centuries. By J. Turvrr. 


This paper gave an account, derived from the actual examination of ancient 
documents, of the amount and character of the domestication of various animals 
in England during the period stated. First, animals thoroughly domesticated were 
noticed—horses,. pigs, sheep and poultry. Secondly, animals imperfectly domesti- 
cated, such as goats, deer, hawks, &c.; and a third class, canaries, parrots, &c., 
which, when opportunity presented itself, would escape to savage life. The essay 

ve details of the domestication of the pig, with the laws and charters relating to 
ita protection. Horses came next in the work of domestication, about the tenth 
century, when it was unlawful to ride on horseback, and even kings were accus- 
tomed to hunt on foot. This restriction was afterwards withdrawn, and riding, 
hunting, and fighting on horseback came into use. Bees were domesticated be- 
tween the sixth and seventh centuries; and, being found very profitable, the nobles, 
clergy, and laity all combined for the protection of that insect. Hawks were next 
introduced, but with the introduction of fire-arms went into disuse. Weasels and 
cats brought the subject up to the eleventh century. 


Dr. E. P. Wriaut exhibited a copy of the ‘Record of Zoological Literature for 
the Year 1864.’ 


PHYSIOLOGY. 


Address by Hewny W. Actann, M.D., LL.D., F.RS., Regius Professor of 
Medicine in the University of Oxford. 


LADIES AND GENTLEMEN,—In addressing you from the Chair this day, I desire 
first of all to express my sense of the unmerited honour thus conferred upon me. 
When informed that it was intended to propose me as your Chairman, my first 
impulse was without hesitation to decline so great a distinction, in order that the 
post might be held by one of the many eminent persons who usually contribute 
to the success of the Section, or to the renown of the Department. Further con- 
sideration seemed to show me that the greater homage would be to place unre- 
servedly at your service such humble powers as I have, and to offer you that which 
I possess, viz. the force of profound interest in the progress of one of the most im- 
portant departments of human knowledge, and of sympathy all but lifelong with 
its promoters. 

rely, therefore, on the support which you will generously give to my endes- 
vours to secure all full and fair discussion that is consistent with a due regard to 
the limited time at our disposal. 

It has become a custom that the Presidents of Sections should make some 


TRANSACTIONS OF THE SECTIONS. 95 


opening address, though it is held to be inexpedient that it should be elaborate or 
long. While debating on the subjects on which I might usefully touch, I chanced 
to encounter the remark of a philosophic writer, that the time was come when it 
‘was & prime necessity for Biology that it should be separated from Medicine. The 
grounds alleged were, the imperfect education of physicians, their want of leisure, 
and the magnitude of biological science. There seemed to me such a mixture of 
truth and error in the remark itself, and in the general tenor of the data on which 
it was founded, that it appeared to me well worthy of your attention. 

As to the imperfect education of physicians, the remark is too general to be 
correct, and is not a topic proper to considered here, further than to say, 
Ist, that it is to great medical minds, from Hippocrates and Galen down to 
Haller and Hunter, that we owe the promotion, and, indeed, the very creation, 
of a large part of existing biological knowledge, so that these men cannot have 
been ill furnished for their work; and 2ndly, that it is certain that no persons 
who are not well prepared will in future make any additions of importance to 
this or any other department of science. The observation, therefore, on the 
whole, amounts to this, that in these days biological science has become too 
extensive to be committed to the care of any but those who can give to it 
undivided attention. This also is only true under limitation. It is true so far as 
this, that division of labour is as necessary for the perfection of this portion of 
science as of others; and further, that some parta of biology are become so com- 
plicated and so extensive as to demand for original work the whole powers of any 
man of ordinary calibre. But it would be quite as just if we were to lay it down 
broadly, “ There has been no period when it was as necessary for the progress of 
biology as now it is, that its relations with medicine should be closely maintained.” 
Neither position would be wholly true, or, therefore, wholly safe. It may not be 
amiss to occupy a short time at the outset of our detailed labours with a brief 
consideration of the real scope of the pursuit in which we are engaged, and of the 
means which we possess for attaining our objects. I crave your indulgence if 
my analytical description fall short of your distinct conceptions or your more 
sanguine aspirations. 

The objects of biological study are, unquestionably, as in most other sciences, 
First, simply to ascertain what are the facts in a certain department of Nature, 
with no to the practical consequences which can be deducible therefrom ; 
and Secondly, but less directly, to discover the laws and devise the rules which 
are of various degrees of importance and value for the practical exigencies of 
mankind,—just as mathematical and physical astronomers investigate the facts 
which are necessary for the construction of the Ephemeris, and make it to be a 
work of equal value for the pure astronomer and for the practical navigator. 

But some of the facts which physiology investigates, and the laws which it 
seeks to discover, happen to be of cogent consequence to all men equally,—to the 
thoughtful and the cultivated, because they have the tendency to illuminate the 
most hidden recesses of our mental constitutions, the most obscure traces of our 
origin, and our various correlations to other beings, animate and inanimate ; to the 
mere “ hewers of wood and drawers of water” among men, because it seeks to 
ascertain in the most precise manner the conditions of physical existence, to point 
out the work that can, and that cannot, be done upon such and such an amount of 
sustenance. In short, it seeks to define the exigencies of the human body in 
respect of all the external circumstances in which it is ordinarily placed, in respect 
also of all other physical agents that can act upon, or be acted ‘upon by it; 
together with the internal chemical and physical alterations to which these several 
circumstances can, directly or indirectly, give rise. It has to learn also the limits 
of toleration within which the body is confined by these external agenta, and the 
way in which these limits are regulated—as the laws of toleration of climate, of 
heat, of food, of various noxious agents, and many other particulars, of which the 
catalogue would be greater than that of the ships of Homer. 

Every person, therefore, whether he knows it or not—the Statesman, who has 
to consider the sustentation of the people—the Religious man (that is, every one 
who believes in a moral government of the world, or hopes for a future state, and 
who has opinions on the history or origin of the Human Race)—the Animal man, 
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who prides himself on his strength, or whose strength is to him for a fortas— 
the Mother, rich or poor, who yearns by night and by day for the healthy grow 
of her tender offspring—the Physician or Philanthropist, who desires to avert « 
to relieve discases among communities or individuals of men—each and all of thee 
are alike really interested in the steady progress of the most abstruse philosophic! 
speculations of the physiologist, as certainly as of the commoner rules of a healt; 
life, which are to be safely deduced from them. 

n reference therefore to the opinion which was just now adverted to, I think tht 


Biology is to be extricated from the hands of physicians only in a limited sx. 


No persons have so many grounds for advancing it as they. The physician, st 
stractedly considered, combines all the characters to which I have alluded. Hex, 
in respect of the health of the people, a Statesman; as a Man, like others, a Rei 
gious man; not less than others, Father and Husband ; as much as any, 8 Workir: 
man; by education, more or less, a Man of Science. In short, abstractedly o> 
sidered, I say it is his special duty at least to advocate and, if he can, to prom. 
the advance of physiological knowledge unfettered and free,— 

Ist. As a pure Science. 

2nd. As the basis of the Medical Art. 

3rd. As of practical utility in helping to regulate the lives and habits of acck!r 
at e. 

Now the hindrances to a perfectly free study of Physiological Science arise fra 
two causes :— 

Ist. The intrinsic difficulty of the subject; and 

2nd. The prejudices of mankind. 

To the consideration of these two points it may not be useless for us to devo 
some attention. 

Ist. As to the intrinsic difficulty of the subject. 

Although the wisdom of this Association entitles this Meeting a Sub-Sectior. | 
am among the minority who cannot understand the force of the arguments which F 
to class Biology (which term may be now used synonymously with Physiolar' 
as a subordinate subject. Being, when properly considered, the most complicst« 
of all the subject matter debated at this iation, it cannot be really subordr 
nate to any, least of all to Zoology and Botany, which it distinetly includes | 
may be an open question whether Physiology be a branch of Physics and Che 
mistry; it is not an open question whether it includes the knowledge of the ch 
racteristics upon which the classification of all entities that are said to have bf 
is based. 

It were an impertinence, however, now to spend time in arguing about 
Classification of Sciences. It is sufficient for us to note the vast range of Biolog’. 
a range which every year makes more wide. 

The knowledge of the actions of living beings depends, and necessarily depen 
not only upon what may be learnt intrinsically, so to say, in the living bets 
themselves, but upon the collateral advancing waves of physical and che! 
inquiry. How largely, for instance, in the last few years, have the idea of Con- 
servation of Force in Physics, and the remarkable advance of the Synthetic 
operations of the Laboratory affected our fundamental conceptions of the actions 
living bodies, and increased the chances of our advancing a step towards the nov 
lodge of what is essential in the phenomena which we designate Life. 

he intrinsic difficulty of this search in the present day consists not so much 10 the 
morphological examination of beings, on the one hand, aa complex as Man Wi | 
his varieties, and the problems thereto attaching (though this morphological 
amination of Man in all his varieties is still incomplete), nor in the examination “ 
the other hand, of beings so inexplicably simple as our own Asmesda, or 63 Of 
ancient (and how ancient!) Eozéon Canadense, but in the causes and condition 
the actual or potential changes in the minutest portions of any one creatare. 
labours of Goodsir and Virchow and Beale, and of many others labouring ™ the 
same direction and in various ways, have shown, what was indeed long sus ted. 
that the solution of the problem of the actual relation between Function end OR# 
may be sought and has to be sought, among parts mechanically almost s8 fine # 
the Chemical Atom ; for we have life, secretion, motion, generation in parts, 40 
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resent means of examination, structureless. Yet, although this may be the case, 
1t would be a great error to suppose that there is not much work yet to be done in 
the more obvious department of Descriptive Anatomy which chiefly occupied 
older investigators. ery year seems to show this, from the researches of culti- 
vated Palwontologists and Naturalists in every department : for both in this coun 
and on the two continents additions are being unceasingly made to the stock 
of knowledge either of objecta wholly new, or of objects or parts heretofore incom- 
pletely described. 

For the purposes of the great scientific question of this age, the Causes of the 
present order of Life on the Globe, it would seem that the minutest accepted data 
of biological conclusion may have to be revised under new methods. It is a 
saying among painters, “ that a draughtsman sees no more than he knows.” It is 
true in the same way in Natural Science, that the real signification of a known 
fact may be concealed for ages. Of this, Pathology offers many examples. The 
older naturalists, notwithstanding the great learning of such men as Linnseus and 
Haller, had comparatively either very simple or hypothetical and incorrect notions 
of the complexities of living Beings and their constituent parts. Chemistry, the 
Microscope, and the search for the Origin of Species have, in this century, widened 
the horizon of biological study in a way not less surprising than does the dawn of 
day to a traveller, who, having by night ascended some lofty peak, sees graduall 
unfolding an extent and detail of prospect which he can generally survey, thoug 
he cannot hope to verify each detail and visit every nook in the brief time allotted 
to him for travel. The desire “rerum cognoscere causas” urges him even more 
keenly than to know the things themselves. Thus in Biology, the laws of the 
genesis of every known organic being have now become as much the object of 
investigation as was once the nature of the being itself. The existence of defi- 
nite species or varieties was formerly assumed in an arbitrary manner to be a kind 
of necessity. The search after the laws which produced those species, and the 
signification of them, has become as ardent as was once the definition of the spe- 
eife characters, But it is a far more difficult pursuit, and requires either a very 
special education, or remarkable natural powers. The difficulty pervades every 

epartment of Biology in gross and in detail. Darwin seeks the solution for the 
whole kingdom of nature. The Histologist, the Pathologist, the Organic Chemist 
approaches it in the detail of every mechanical texture, and of every organic 
chemical compound. We are apt to look on the Museum of John Hunter as the 
most philosophic and extensive exposition of Biological Science in this or any 
other country. And justly so. Inquiring originally into what is the proper 
treatment of disease, he asks in order, What is its nature P what its cause? how 
are the functions disordered ? how are they performed in health? by what me- 
chanism ? how is this mechanism varied ? whence did it originate? But compare 
with his knowledge the knowledge of biologists of the present period viewed col- 
lectively: take our knowledge of the ovum, for instance, and ita development, 
or the minute anatomy of the tissues, or (may I venture to use the epithet for so 
vast a collection of ascertained truth P) the nascent chemistry of living structures, 
or the relations of oeseous structures in the Vertebrata. It were hard to say which 
is the more remarkable, Hunter’s comprehensiveness, or the detail of modern 
science. Yet how many details are still needed for a safe Biological Philosophy. 

Yet are we only on the threshold of detailed knowledge. We still speak of 
many hard points with an almost childlike simplicity. at do we understand, 
for instance, of the cause of that which Herbert Spencer calls “Organic Polarity” — 
that is to say, the er, force, or tendency by which lost parts are repaired— 
which a whole limb—or pare of a limb—or even all but a whole body is replac 
by the outgrowth from what remains of the original unmutilated whole—a process 
so common in Asteriads and Crustacea and other animals as to seem a matter of 
course in their history, while it is apparently a property which cannot exist in the 
higher animals? What do we know of the causes of hereditary transmission in 
general (a property wholly different from, and more unintelligible, than the hypo- 
thesis of natural selection), or of the transmission of disease tn particular, as for 
example, of Carcinoma P hat is it in ita essenceP How does it originate in 
an ieee of untainted family? How is it transmitted? Is it “ original 
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property of the ovum per se, or of the nutrient plasma by which that ovum is 
nourished up to the time of its birth ? Could food, or mode of life, or any speritic 
agent eradicate the tendencies to transmis-ion, just as in certain cases we empi- 
rically modify the transmission of tubercle ? or is the transmission of the Carcinoma 
as inevitable in certain cases as the development of the germ? Grave questions for 
future solution. 

These allusions to disease, I need not say, are purposely introduced. There 
s:ems to be a tendency in some modern physiologists to pey insufficient attention 
to the retrograde metamorphosis of living creatures. The study of death is as 
much an object of biological science as the study of birth. The whole being 
originates, reaches maturity, declines, and dies. does every part. He strives 
with vain endeavour to grasp the history of any organic thmg, who does not 
regard it in relation to its origin, its growth, its dissolution, its relations to 
objects external to it, the changes which it undergoes in iteelf and of iteelf, and 
the modifications, accidental or necessary, which external agents can and may in- 
duce in it. 

General considerations of this kind haves certain, though subordinate office in 
scientific deliberations, and seem just now not out of place. It will be remembered 
that I have been king of the intrinsic difficulties of biological study. If I have 
correctly, though briefly sketched the domain of Biology, the existence of these 
difficulties will be conceded. They are now insisted upon, not certainly so much 
for the sake of those skilled experts, our teachers, who are carrying on the con- 
quest of Nature, as of those many cultivated learners who, from want of leieure, 
cannot actively pursue, but who, from real interest, desire to aid and promote 
the study of Biology. For them it is desirable to take from time to time a 
survey of the aims and extent of Biologv, in order that they may bring the weight 
of their influence in support—lst, of free, unfettered pursuit of Biology for its 
own sake ; and 2ndly, of public education, such as may conduce in the next gene- 
ration to a just appreciation of ita scientific, its educational, and its practical value. 

I am thus led to consider, 2ndly, the Prejudices of Mankind, “ openiones 
prajudicate, in respect of Biology. 

hese resolve themselves into Active Prejudices and Passive Prejudices. Actize 
lead men to object to it as harmful; Passive lead them to regard it with in- 
difference. ° 

These prejudices are rapidly undergoing modification, but they have existed harm- 
fully more or less, from various causes, among almost all but professed Phvsiologista. 
I need only advert among the Actire prejudices to the so-called theological dread cf 
free inquiry into the origin of Races, and the origin of Species generally. Among 
the Pussire prejudices, I would point to the want of appreciation of purely scientific 
inquiry that has no practical end in view; to objections of various kinds brought 
against experiments made for Physiological, Toxicological or Therapeutical pur- 
poses ; to objections to the introduction of Biological studies into courses of general 
education ; to the tardy recognition of Biological knowledge as the basis of practical 
Medicine, and of Hygiene, public and private. 

History gives the clue to the source of these prejudices, namely, the empirical 
assump tions of supposed truths made at former, and often ancient epochs, which 
have one by one to be eradicated from their respective departments before the 
advancing knowledge of ascertained Natural Law. 

What we see around us in the natural world is admitted on all sides to be the 
result of the operations of causes working by fixed laws. Why those laws exist, or 
how they came to be, it is not within the domain of Physical Science to discus. 
What (in so far as they affect living beings) they are, and what the mode and limit 
of their action, including (of course) the mode and limits of their possible moditi- 
cation, is the special province of Biological Science. Science therefore is not only 
at liberty, but is bound, at all times to test the correctness of opinions which bear 
on or have relations to the subject matter of science, and do not appear to have been 
founded on adequate scientific evidence. A great part of the scientific work in the 
present century has been that of recasting or rejecting received dogmas. This work 
is not yet complete, and possibly never will be. It is evident that new means of 
research show the incorrectness of the belief of many of the greatest minds. Plato 
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‘was satisfied that the use of the Liver was to be the seat of prophetic agency for the 
soul. Yet are we sure that, notwithstanding the researches of Bernard, Pavy 
and others, we know even at this moment all the functions and uses of that o § 
How long since is it that taurine was found to contain 25 per cent. of sulphur, and 
was not, as had been supposed, devoid of that substance f° How complicated are 
the chemical questions of the hepatic functions, when viewed as a whole through- 
out the animal series, may be seen by a glance at M. Milne-Edwards’s summary of 
these questions in his elaborate work now in course of publication. 

The utmost toleration is required in dealing with the prejudices which we are 
considering : among other reasons, because truly there may be scientific prejudices 
as well as popular prejudices. A scientific man may become impatient of every 
opinion which rests only on probability; whereas some of the important issues of 
human affairs are not susceptible of absolute proof. A physician or a lawyer, or 
@ moralist, who always refused to act on the ter probability would be a sesry 
adviser to his client. But the work of the chemist or the physiologist would be 
at once set aside if probability and not ascertained fact entered into his formula. 

Different subject matters are taught or studied with different degrees of cer- 
tainty, or by different methods; the methods and degrees of certainty must be 
known and acknowledged. There can be no just ground of objection to conclusions 
based on hypothesis so long as the promoters are ready to accept, on proper and 
reasonable evidence, new elements of calculation. 

I spoke also of the Passive prejudices of mankind in respect of Biology. A 
curious chapter might be written on the slowness with which physiological 
principles have been generally received (I cannot say they are even now accepted 

y us) as the basis on which to secure public and private health. England is but 
even now awakening to these questions. The Registrar-General, the Army and 
Navy Departments, the Health Department of the Privy Council, the various 
Drainage Commissioners and Committees, and many other bodies are all e 
in collecting, disseminating, and in using physiological knowledge under various 
aspects. It must be admitted that evidence as to what is and what is not favour- 
able to the correct performance of the functions in men and other animals is 
even now often conflicting. It was said just now that the pure Physiologist is 
too apt to disregard the processes “‘ preparantes ad mortem;’’ 0 also he is too 
apt to look on Health Questions as problems of Practice or Art, and not of 

cience. Yet the highest scientific qualities are requisite for determining with 
precision any problems affecting, for instance, Nutrition, and the consequent Capa- 
city for labour of a population, viewed as a whole or as individuals: witness the 
investigations of your last year’s President (now, happily, employed by the Govern- 
ment), and many of the important papers in Mr. Simon’s valuable yearly Reports, 
and such memoirs as that of Professor Haughton of Dublin on Work. In such 
cases, I will not say Theory, but knowledge precedes, and regulates, and compels 

ractice. 
P Similar considerations apply to the relation of Physiology to Practical Medicine. 
This art or science is undergoing revision under the influence of Physiology, s re- 
vision somewhat indeed retarded by popular prejudice, but certain. 

In looking back on the history of medicine we are at a loss to say which is the 
more curious, the sagacity of the older physicians and surgeons, considering the 
scantiness of their physiological knowledge, or their folly, considering the extent 
of it. The explanation lies in the intermixture of empirical (that is, of accepted, 
traditional, unquestioned) belief with realy ascertained fact; and we are not 
now-a-days without danger of undervaluing the eminent artistic power and great 
practical shrewdness of former physicians, in the presence of our more precise, but 
sometimes also less practically valuable scientific knowledge. Dr. Stokes, the 
eminent Dublin Professor, has lately spoken on this topic in a timely and earnest 
way. . 

The business of Physiology and of an Association like this, as I just now said, is 
therefore not only to add new knowledge, but to destroy incorrect or imperfectly cor- 
rect statement and belief. The incorporation of advancing Physiology with Medicine 
every year adds certainty to the latter, while it furnishes data as weil as testa to the 
former. Experiment properly applied in Medicine under trained payne and 
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chemists will not only eliminate gradually all remaining error, but will make more 
definite the properties of therapeutical agents. In illustration it is sufficient to refer 
to some of the investigations of Claude Bernard, from whose great skill, combined 
with philosophic power, much may be expected. Yet it may be doubted if the 
importance of this alliance between Science and Medicine to the community at large 
is yet fully understood by the Legislature. Under the recent Medical Act, the 
whole expense of constructing a National Pharmacopoeia was thrown by Parliament 
on the existing Practitioners of Medicine, and the cost of its future maintenance was 
charged on the Students of Medicine: the national funds are to contribute nothing 
towards the great benefit, a benefit accruing to every one at some period of life, cf 
& genuine and philosophical revision of known, gr the discovery of new, curative 
agents. Experiment alone can decide conclusively on the mode of operation of 
Various agents on the human body and on animals. These experiments are alway: 
difficult, often costly. The Guvernment, as I said, do not acknowledge the duty of 
providing funds. Perhaps the Medical Council might. It is indeed charged with 
* the administration of the only Public Funds that are applicable to keeping on a 
level with modern science the National Catalogue of Remedial Agents and the 
mode of preparing them. If it could be induced to expend £1000 a year, as under 
proper management it easily might, in experiments and reports bearing on the 
physiological action of preventive or remedial nts, sometimes perhaps sug- 
gested and aided by the British Association, what might not be the It to 
science and to the public and private health ? 

I have been assuming, what no one here will question, that the basis of Medi- 
cine is knowledge of biological laws. It is so, but only in the wide sense asaigned 
at the outset to biological pursuits; viz. the study of the laws of decay as well as of 
growth—prowth and decay of species as well as of individuals. But I must guard 
myself by saying that this does not include the whole basis of medicine. Physio- 
logical experiment is necessary to obtain the laws of action on healthy bodies, but 
alone it does not explain the laws of action on perverted urganic structures or 
functions, as is seen in the common instance of the different effect of opium ona 
man in health and on a man in disease. Clinical observation is of course beyond 
physiological research,‘and must, from its far more limited field, follow rather than 
precede. It aims at applying, in due course, all safe and established results of pre- 
vious physiological inquiry; and adds the deductions from investigations exclu- 
sively its own. 

Much remains to be done in comparing the effecta of agents, and the causes of 
those effects on man and on the inferior animals respectively. The knowledge 
which exists on these subjects has become, I need not say, both extensive and 

recise. But new problems are constantly arising from the discovery of new 

oxic agents. Even new diseases occur, as is well instanced by Cholera, implying 
either new conditions of circumstances external to man, or new combinations of 
the internal conditions of man. 

Accordingly fresh experiments are perpetually required to meet the new pro- 
blems; and it has become the interest and almost the duty of States to specially 
train and to countenance skilled experts familiar with the most recent methods 
and researches in these directions, with a view not only to fresh scientific know- 
ledge, but to the great practical results that may be obtained. It is sufficient to 
refer as illustrations to Bernard's experiments, such as those on the Woorara—to 
the question of Physiological Antidotes—and to the more precise notions of the 
Physiological causation and mode of action of Fever Poison. 

These you will observe, though apparently what are called medical questions, 
are not less physiological questions proper, of vast importance to mankind. 

A few more words in another aspect, and I will not venture further to trouble 
the Section, or delay our detailed work, which is ample enough. I have implied, 
what is sufficiently obvious, that Physiology proper (I exclude such questions as 
the evolution hypothesis, which cannot be proved in this way) has become uncom- 
promisingly precise, and that nothing will stand which does not bear the crucial 
tests of observation, and where possible of experiment. But the experiments can- 
not in the present advanced state of Physics and of Chemistry be devised by ordi- 
nary men, nor even executed by them. Consequently every year old statements 
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concerning the effects of agents so called Physiological and Therapeutical, are 
becoming of less value, and new ones of more. Most of us, who have passed the 
prime of life, must be content to learn from the more favoured in years. They 
‘who are young must be willing to be patient and laborious, if they would add an 
thing of permanent value to physiological knowledge. The day in which hundreds 
of organic compounds are synthetically produced, and the microscope offers for 
mechanical sis a clearly defining magnifying power of 5000 linear, is not one 
when rough work of hand, or conjecture unsupported by proof as to the chemical 
changes which go on within organic structures, will stand. What Life is will long, 
perhaps always evade our human ken; what is done during Life, what can be done 
consistently with Life, and what produces death among living things, every year 
makes more sure and more plain; every year makes the search more exciting, the 
reward more great, the reasons for admiration of the order of things on the whole 
more conclusive, and the admiration and awe more profound. 

At the outset it was said that only very qualified assent could be given to the 
remark of a philosophical writer, that it is a prime necessity for Biclo that it 
should be separated from Medicine. It has been my endeavour to show the 
amount of truth which belongs respectively to the remark and to the dissent. 

Physiology, to sum up, is become a science, precise, of enormous extent, bringing 
to its support mathematics, advanced physics, difficult chemistry, accurate and com- 
prehensive anatomy. Part of the basis of the science or art, which averts or lessens 
suffering and disease, and postpones or makes easy death, depends in great mea- 
sure upon its progress. But the applied and observational part can only be learned 
by the bed-side of the sick. Therefore pure Biological Science and pure Clinical 
Art must each have their votaries, but it must be the aim of each to learn from the 
other what is necessary for himself. May the State be wise enough (and it is 
becoming so in every civilized country) to appreciate these principles and their 
application! There never was an age—it is not ungrateful to the giants of old to 
say this—there never was an age when there were so many students, in the best 
sense, of Biology and of Medicine, actuated by a simple love of truth; and never 
a time when, as 8 class, they were so free from prejudice, so candid, and so patient. 


On Infe. By Dr. Lionzt 8. Bearez, FES. 


On the Formation of Pus, in reference to the doctrine of Cell Pathology. By 
J. Huexes Bennett, M.D., Professor of the Institutes of Medicine, ge. in the 
University of Edinburgh. 

Dr. Bennett stated that a cell pathology had naturally sprung from the cell theory 
as originally framed by its founders, Schleiden and Schwann, which had greatly 
extended the boundaries of science. The cell pathology of Virchow, however, was 
based upon a law he sought to establish, viz., that every cell sprung from a pre- 
existing cell, and that we must not transfer the seat of real action to any point be- 
yond the cell. This supposed law, the author maintained, was opposed by so many 
histological facts as to be altogether untenable. He begyed especially to draw at- 
tention to the origin of pus-cells, which Virchow and some of his followers had re- 
presented as originating in the interior of connective-tissue corpuscles, Dr. Bennett 
and his pupils had frequently sought, by passing setons through the skin and 
muscles of animals, to observe in the inflamed tissues the appearances which had 
been figured in support of Virchow’s views, but had never succeeded in seeing pus- 
cells within preexisting cells. Henle had pointed out that the error had originated 
in mistaking the triangular spaces observable on a transverse section between the 
bundles of various fibrous tissues for cells, as in these unquestionably pus was very 
likely to collect. Dr. Bennett further believed that the tendency of many cells to 
enlarge as the result of irritation, and to multiply themselves endogenously, as 
shown by himself, Lebert, Goodsir, Redfern, and other pathologists, was another 
source of mistake among the younger histologists. The granules and included cells 
so formed were mistaken by them for those of pus, though easily separated from 
them. He called attention to a series of preparations (which were exhibited) 
showing suppuration in inflamed eyeballs and in pneumonic lungs, in which pus- 
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cells might be seen in all stages of formation, originating from a mole- 
cular exudation, unconnected with any preexisting cells whatever. the sections 
of pneumonic lung more especially, the fibrous tissues of the organ might be seen 
to be quite healthy. In the coagulated exudation, on the other hand, the mole- 
cules might be observed at first uniformly filling up the sir-vesicle, then formed 
into masses varying in size from the twenty-thousandth to the one-thowsandth of 
an inch in diameter. The latter were rounded, and were identical with pus-celis 
He believed that these bodies, therefore, were formed by an aggregation of smaller 
particles or molecules, comprised originally of the coagulated exudation. It was 
certain that in the situations referred to they did not originate in preexisting cells, 
as no such cells could be observed. If, as might be supposed, they sprang from the 
epithelial cells lining the chambers of the eye or the air-vesicles, such cells would 
be seen enlarged and containing the pu bodies. But his preparations and same- 
rous examinations of the parts when diseased had proved to him that no such cells 
were mingled with the exudation, or were in any way connected with the formatica 
of pus. These facts were wholly subversive of the law of cell pathology sought to 
be established by Virchow. 


On Beef and Pork as Sources of Entozoa. By Dr.Cosso, F.RS. 


The paper commenced by showing that much misunderstanding pre 

even amongst eminent authorities, as to the most frequent source of human cestode 
entozoa. he author combated the notion so commonly entertained that pork 
was the chief source of human tapeworms, and, in proof, referred to the results of 
his original experiments, as well as to data supplied by other means. He showed 
that the unarmed tapeworm (Tenia medtocanellata) was more abundant in this 
country than the hooked tapeworm (Zenta sohum), which latter species, however, 
was somewhat more revalent in Birmingham than the same species elsewhere. 
He threw out several hints respecting the primary origin of these and other human 
parasites, and contendéd that the human body was the legitimate home and _ terri- 
tory of some of these parasites. They did not, and probably could not reside in any 
other creature in their adult state. In the case of Trichina, it was by no means 
certain that the pig constituted the primary host. The original “creative centre” 
was possibly antecedent to the race of swine. 


Remarks on Specimens of Entozoa. By Dr. Cosnotp, F.R.S. 


The author exhibited six preparations, being art of an extensive series which he 
recently made for the Museum of the Royal ege of Surgeons, London. Parti- 
cular attention was drawn, in the first instance, to a specimen of Trichina sptrakis. 
This parasite was shown, in the encysted condition, in a portion of the great pectoral 
muscle of a dissecting-room subject. The author had fed various animals with this 
trichinized flesh, and had reared in them a numerous offspring. Next, in point of 
importance, was a portion of muscle from a calf, in which animal Dr. Cobbold had 
succeeded in rearing numerous “ measles” (Cysticercus bovis, T. S. C.) by the admi- 
nistration of the proglottides of the unarmed human tapeworm (Tena medtocanel- 
lata). He also showed measles (Cyst. cellulose) from the pig, and several hytadids 
furnished with Echinococcus-brood-capsules. He exp his thanks to the As- 
sociation for the funds which had been allotted for the purpose of carrying on these 
experimental investigations. 


On the Effects of Scanty and Deficient Diet. By Jounx Davy, M.D., F_RS., Se. 


It seems to be now laid down as a rule or principle that the health and constitu- 
tion of man must suffer permanently if for any length of time he has not a full 
allowance of food, t.e. 8 quantity adequate to preserve him in an average state of 
health and strength. And on this principle the formation of dietaries for the in- 
mates of all public institutions, whether workhouses or prisons, has been more or 
less strictly founded. 


Is this principle, or, as it might be called, postulate, well established and 
ported by factah 7p , a 
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The following are some of the circumstances which have given rise in the author’s 
mind to doubt :— 

lst, then, taking the instance of the adult man: is there any evidence that those 
en in expeditions or services in which for a period the allowance of food was 
deficient, though they were weakened indeed tly at the time, experienced any 
permanently bad effects? Those who belon ed to the arctic exploring parties, whe- 
ther by sea or land, have not eventually suffered. The author referred specially to 
the cases of the late Sir John Richardson, who had suffered 80 much from priva- 
tion in his first arctic journey, and his companion, the late Sir John Franklin. 
‘They were reduced by starvation to such a state that even their minds were en- 
feebled ; and when they arrived at a station where their wanta could be supplied, 
they were intent on nothing but cooking and eating, day and night. Nor is there 
evidence that any African traveller, whatever his privations, if so fortunate as to 
return to this country, suffered eventually. The late Captain Speke is an instance 
in point, and both of the effects of deticient diet with fatigue and of ample diet with 
rest. Captain Burton, his companion, a traveller in so many lands, and of such vast 
experience as a traveller, affords evidence in his own person corroborative of the 
fact that temporary privation is not necessarily permanently injurious; indeed he 
expresses it as his opinion that occasional fasting is beneficial. 

. A deficiency of food, especially of fresh vegetables, is productive, as is well 
known, of scurvy, accompanied by a diseased state of the blood and great loss of 
bodily strength ; yet how soon does recovery take place when a wholesome invi- 
gorating diet is supplied. Nor is the author aware that scurvy is productive of any 
taint, asa sequels, injurious to the constitution. And he apprehends that the same 
_ remark is applicable in relation to consequences, to all acute diseases, such as are not 
accompanied by organic lesions of a permanent kind. It is marvellous, in cases of 
recovery from yellow fever and some other fevers, how rapid is the convalegcence, 
the gain of weight, and the restoration of vigour. 

3. Taking the instances of tribes of people : some are scantily fed, or, at least, 
owing to the regions they inhabit and their habits as to their mode of procuring 
food, are often for a considerable time on a scant allowance, sometimes approachi 
the starvation degree. Such races are the Boshmen of Southern Afnica, the Tas- 
manians, the aborigines of Australia, the Veddahs of Ceylon, who all lead the pre- 
carious life adverted to as to diet, depending chiefly for their daily food for ther 
success in the chase. What is their condition? All of them are below the ave 
in height and size and are thin in person; but they are not said to be unheaihy 
races, or subject to any special diseases attributable to their mode of life. 

4. Taking examples of different ages—the young during the period of growth, 
adults, the middle-aged, the advanced in years, and the very aged—in either of 
these stages have we proof that there is any disease special to either when too spa- 
ringly fed, provided the food they have is of a wholesome kind? During the period 
of distress in Lancashire, owing to the diminished imports of cotton, it would ap- 
pear that the people generally were in tolerable health ; indeed it is stated that they 
were in improved health, and that there was actually a diminished rate of mortality. 
Yet we may be sure that, during that calamitous time, a very large number of men, 
women, and children must have been underfed. Of the men and women most re- 
markable for longevity, the greater number have been of the labouring class—in- 
dividuals of whom it may be pretty confidently asserted that their diet was sparse 
rather than abundant. Though the Irish, as a people, owing to their dependancy 
on the potato, have been greater sufferers from famine than the Engheh in modern 
times, yet it is remarkable that the number of persons in that country who have 
attained the age of 90 years is greater than in England, with a population, com- 
paring the two, so greatly in excess. ; 

5. Taking inatances of peoples and persons well fed and regularly so, in what par- 
ticulars do they differ chiefly from the preceding? Pastoral and agricultural tribes 
well to do may be cited as examples—such as the Caffres of Southern Africa, livin 
chiefly on milk; and, amongst Europeans, the middle-class, using a mixed diet, an 
that without stint. Such—and the Caffres and our own countrymen are striking 
examples—are chiefly remarkable for a size exceeding the average of mankind, an 
for a full development with proportional strength and energy ; but the author is 
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not aware that they are more exempt from diseases, expecially of the chronic, ca- 
chetic kind, than those of a smaller size and more spare habit. 

6. Brute animals afford analogies. The fell sheep of the north of England and 
of Wales, picking up a scant subsistence on the poor pastures of the mountain sides, 
are equally remarkable for their hardihood, activity, small size, and the goodness of 
the mutton they afford. A like remark is applicable to the cattle of similar 
districts, such as the Highlands of Scotland and the wilder parts of Ireland and 
Wales—how inferior are they in size to the longhorns of Devon and the shorthorns 
of Herefordshire, feeding in rich meadows! The horse is another instance. Where- 
ever the pasture is poor, ponies will be found; but though small, they are nowise 
deficient in strength, activity, and power of endurance. horses are the (pro- 
duct of rich pastures and an unfailing supply of nutritious food. The Yorksbi 
breeder, to secure horses most in request, as rated by size and muscle, allows the 
colt the milk of two mares. And we are told that in some of the Polynesian 
islands the sons of chiefs are similarly reared, so as to secure a princely bulk and 
stature. 

7. If, then, it be not proved that a scanty or somewhat scanty diet is not perma- 
nently injurious to man, is it right that men undergoing imprisonment for crime 
should be otherwise than sparingly fed? Should the allowance in the least exceed 
that sufficient to keep the criminal in a state of health and strength somewhat be- 
low par, and merely adequate to that moderate degree of labour erroneously desig- 
nated “hard labour” to which he may be sentenced? What is the general state 
of health of such prisoners at present in the county jails, where the dietaries are 
least in excessP So fur as the author had been able to learn, disease amo 
them is in less proportion than in the general population of the country, and the 
mortality less. 

The advocates for a liberal diet for prisoners hold that, under the depreasing 
influence of such confinement, more food is required to prevent undue waste and to 
preserve vigour. This seems a very questionable doctrine. Mental depression im- 
pairs the appetite; and’ without an appetite for food, little, it may be expected, will 

digested and assimilated. Were the doctrine sound, and to be carried out in the 
instance of prisoners, should they not be allowed stimulants—wine and beer P 

On the principle, indeed, of not endangering health, ought not imprisonment for 
crime to be abolished altogether? for, according to the advocates of a more liberal 
diet, the confinement, with the opprobrium attached to it, operates on the mind, de- 
presses the spirits, and is thus injurious to health. 

Those who expect effects deleterious to the constitution, productive of cachetic 
diseases, and especially pulmonary consumption, from a spare diet, refer to poor 
needlewomen and nuns, amongst whom this disease is especially prevalent. But in 
‘their cazes other causes are in operation ; and in the instances of the former almost 
every cause likely to undermine the constitution—poor as well as scanty food—bad 
lodgings, ill ventilated—overwork—privation of open-air exercise—and, not least, 
the want of mental exhilaration; and they are commonly of a class with sen- 
sitive 3 minds: and the circumstances acting on nuns are often in many respects 
similar. 

The author contended that it was a false humanity to allow a high rate of diet 
to prisoners, with the intent of supporting them in their full working strength 
(thus making a prison life quond diet as little irksome as possible, and so far detract- 
ing from the idea of punishment) and, on discharge in full vigour, the better able 
to renew their criminal courses. 

The principle of a full diet for prisoners is not well established as essentially 
neCeseary. here should be, he urged, further inquiry instituted to determine the 
dietary limite, the lowest not seriously endangering & permanent injury of the con- 
stitution. 

Is the Opinion that a Diet of Animal Food conduces to Leanness well founded 


on Facts? By Joun Davy, M.D., F.RS., §e. 


Those who have advocated this opinion, viz. that a diet of animal food conduces 
to leannees, have supported it by two trains of argument,—one, that a vegetable diet 
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is richer commonly in the elements from which adipose matter can be formed, 
such as starch, &c., than flesh ; the other, that carnivorous animals are commonly 
leaner than herbivorous, the food of which is entirely vegetable. 

The strength of the first argument it is not easy to appreciate, inasmuch as cer- 
tain kinds of animal food abound in fatty matter ; it is therefore passed by. 

The second train of argument is more important, and is more easily tested as to 
accuracy. Now if it be true that an animal diet conduces to leanness, and this 
as a rule, it should bear the strictest scrutiny ; we should find it confirmed by facts 
of an unquestionable kind, se. by exact observations free, as much as possible, 
from any fallacy. The following are some which appear to lay claim to be so 
considered. 

1. The nestling of the swallow fed entirely on insects, when fully fledged and 
capable of taking flight, is found by the author to be heavier than the parent bird, 
and this owing to its being fatter; and it is found also that it loses weight after 
leaving its nest and taking exercise on the wing, and this in consequence of a di- 
minution of its fat. 

2. The buzzard, like its congeners of the falcon family, subsists entirely on 
animal food, chiefly small birds; it, according to the argument, should be lean ; 
but the author has not found it 80. One, a female, examined in yanuary, killed 
in the Lake District, and in full vigour, was found loaded with fat. The bird 
weighed about two pounds; the fat that was separable, consisting chiefly of 
stearine, weighed six ounces and a half; and besides this, there was a considerable 
quantity remaining, not easily detachable from the muscles, &c. The lard-like fat 
was found externally covering a large portion of the thorax and the whole of the 
abdomen, and internally lining the sternum and the abdominal contents, especially 
the stomach and intestines. 

3. Many years ago, when in Ceylon, the author had the opportunity of dissect~ 
ing a full-grown Chetah (Fels pardus) ; he found it not merely in good condition, 
but more than that, abounding in fat; ite mesentery had deposited on it a thick 

er of fat. 

He Fishes, those of which the food is entirely animal matter, are many of them 
remarkable not for leanness, but for their fatness. Very many instances might be 
mentioned ; two may suffice. The salmon, on its ascent from the sea, after luxurious 
feeding there ; and the eel, on its descent from fresh water to salt—both fishes 
actuated by a similar instinct, that of spawning, seeking water of opposite qua- 
lities, are then in their highest condition, and abounding in fat ; on the contrary, 
when returning, one to the sea, the other to the rivers after spawning, are remark- 
able for being wasted and lean; this, from the loss of fat, the consequence of a 
long comparative fast. 

These, the author hoped, may be received as verified facts, tending strongly to 
show that a diet exclusively of animal food is no wise incompatible with fatness. 

5. If we refer to our own species, it is easy to find corroborative instances. 
Butchers and their families, who use a large proportion of meat, are surely not 
remarkable for leanness. The same remark a Mice to fishermen and their families, 
who use fish largely at their meals. The English, as a people, have always 
been considered large consumers of meat, and especially in the olden time, when 
vegetables were less abundant than at present. Pére Labat, who wrote his account 
of the West India Islands towards the middle of the last century, states, when 
giving an account of the Caribs, whom he describes as Cannibals, that he was 
assured by them that they could distinguish an Englishman from any other race 
of men, and that at their feasts they gave him the preference, on account of the 
meals he yielded being richer and more juicy. Shakspeare, who of all poets sur- 

assed in accuracy of observation, had he believed that a meat diet conduced to 
feanness, would never have depicted his fat knight, Sir John Falstaff, who speaks 
of himself apologetically as “having more flesh than another man, and therefore 
more frailty,” as one so addicted to capons and sack. 

6. Did a vegetable diet favour the production of fat, the Irish, living mostly on the 
potato, should be distinguished for ]ustiness, which they certainly are not. Vege- 
tarians should especially be so distinguished; but the author never heard it as- 
serted that such a distinction belongs to them. 


106 REPORT— 1865. 


A fallacy lurks under the idea that an animal diet. and a spare habit of body are 
associated, partl owing to the circumstance that races of men who use this diet— 
such as those who are dependent on the chase for a subsistence—are compelled to 
take much exercise in the pursuit of game, and are often, from scarcity of game, 
underfed. Nearly the same remark is applicable to our soldiers and aailors, 
amongst whom a fat man is a rarity; and no wonder, as though their diet contains 
a large proportion of animal matter, their meat ration is never in excess; they are 
rather, especially the soldiers hitherto, underfed than overfed ; and want of exercize 
surely is not one of their wants. 

In conclusion, should the facta here brought forward be considered not altogether 
conclusive in proof that an animal diet is not specially favourable to a spare habit 
of body, they may at least suffice to render the opinion doubtful as to ite accuracy. 

The author's belief is, and it seems to be the received opinion of moet physiologists 
—one the best founded in experience and most in accordance with the structure of 
man, and the organs chiefly concerned in digestion,—that a mixed diet, partly ani- 
mal, partly vegetable, is best adapted to his wants, as well as most suitable and pless- 
ing to his taste; and that the safest way to prevent obesity is to live moderatelr, 
observing the happy medium between a too sparing and a too copious dietary i and 
for the correction of obesity, attending to quantity rather than to quality of fcod. 

As a. striking example of what may be accomplished in the reduction of corpu- 
lency, a few particulars were added of a man, Thomas Hood, of whom an account 
has been given by Sir George Baker in the ‘ Medical Transactions’ for 1767. 

The author also referred | to the case of Cornaro, who attained his 101 vear, 
and from his fortieth year restricted himself to 12 ozs. of solid food and to 14 aza. 
of wine, and this with the best effects; for from a suffering invalid he became a 
healthy man, and continued in the enjoyment of excellent hcalth without in- 
terruption to the end of his long life. 


On the Functions of the Cerebellum. By Dr. W. Dickenson. 


On the Prevalence of Tapeworm tn Birmingham, and its Causes. 
By Dr. Fiemine. 


The author stated that tapeworm prevailed to a great extent in Birming- 
ham, and was often to be seen in its severest forms among the patients of ite several 
hospitals, As compared with Edinburgh, the greater frequency of the disease in 
Birmingham is very marked. In the General Eospital, the entire number of in- and 
out-patients, in the year ending June 30, 1864, was 22,649, and of these there 
were 51 cases of tapeworm ; in the Queen’s Hospital, the number of patients during 
the same period was 11,376, and of these 75 were cases of tapeworm; and in the 
General Dispensary the number of patients was 4516, there being 12 cases of 
worm. In Edinburgh, the proportion of tapeworm cases in the hospitals was very 
email. 

The author, having explained how the measles in the pig developed into tape- 
worms in man, attributed its prevalence in Birmingham to the large consumption 
of pork, which in this town is a favourite article of food. 

he average number of pigs sold in Birmingham market weekly is 1600, and of 
these two-thirds come from Ireland, where the hog suffers more from measles than 
in any other part of the kingdom. In spite of the careful inspection of the markets, 
there is little doubt that a considerable quantity of the pork sold is measly. When 
affected by the disease to such an extent as to render ite exposure for public sale 
hazardous, it is disposed of privately, and much of it is used in making sausages. 

With regard to the prevention of tapeworm, Dr. Fleming urged that the official 
inspection of living and dead pigs should be made as searching as pcessible ; but as 
this will not suffice completely to protect the public, he advises that information on 
the subject should be widely diffused, and thus make each consumer his own in- 

tor. Further, all pork should be eaten either thoroughly well cooked or 
thorou rhly well cured, both of which processes destroy the parasite. The use of 
other than home-made sausages should be strictly avoided. 
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On Experiments confirmatory of those of Kiihne on the 
Ammonia in Blood. By Dr. A. Gameenr. 


1st, that the blood, whilst circulating in the living body, contained free } 
2nd, that when the blood leaves the animal body, ammonia escapes and coagulation 
takes place, the escape of the ammonia and the phenomenon of coagulation being 
considered to stand in the relation of cause and effect. The author had made some 
experiments which were in direct opposition to those of so distinguished an experi- 
menter as Dr. Richardson; and as the quantity of blood which Kiihne and Strauch 
subjected to analyeis was comparatively small, he had determined on repeating the 
experiments in the most rigid manner possible, and upon a larger scale than had 
been previously attempted. The experiments consisted in introducing blood taken 
from the carotids of living animals directly into an atmosphere of pure hydrogen, and 
allowing hydrogen to bubble through the fluid. The gases thus expelled were con- 
ducted into Nessler’s reagent. This (the most delicate test for ammonia) failed in de- 
tecting the faintest trace of free ammonia, although it was proved to be capable of de- 
tecting 0°56 gr. of ammonia when mixed with 140 ozs. of blood, and 20 ozs. of water. 

The author then discussed the question as to whether the blood contained one of 
the compound ammonias, instead of ordinary ammonia. He stated that all the 
compound ammonias which he had examined gave reaction with Nessler’s reagent, 
and the author concluded by remarking that further researches would, he believed, 
confirm the results of the experiments which he had performed, and satisfactorily 


rove that Nessler’s reagent was as delicate a test for the compound ammonias as 
or simple ammonia. 


Refutation of the View recently propounded that the Food comes into contact 


with the Vocal Cords in Deglutition. By Grorcze Duncan Grss, ¥.A., 
M.D., LL.D., F.G.S. | 


The author referred to the recent experiments of M. Guinier, of Montpellier, in 
relation to the function of deglutition, which were brought before the Academy of 
Sciences in Paris, and given briefly in the ‘Comptes Rendus’ for May last. These ex- 
periments by M. Guinier were performed upon himself by means of autolaryngoscopy, 
and consisted in the introduction of food into the larynx whilst the little mirror was 
in the mouth, the ep'glottis remaining erect ; and he therefore inferred that, in swal- 
lowing, the food passed into the top of the windpipe, glided over the vocal cords, and 
tumbled into the gullet, the epiglottis still being erect. He inferred also that fluide 
always passed under the epigrottis in gargling or swallowing fluids. Dr. Gibb 
questioned the conclusions drawn from the experiments, and maintained that the 
act of swallowing food could not be demonstrated with a mirror at the back of the 
mouth, and that the introduction of food into the larynx behind the epiglottis 
showed the tolerance of the larynx under certain circumstances, but did not show 
that this cartilage remained erect in deglutition. This tolerance was further shown 
by the still later experiments of M. Krishaber, who passed chewed bread into the 
larynx with his finger, along the posterior surface of the epiglottis, and on a deep 
inspiration this was drawn downwards into the trachea, and could be retained there 
as long as the bolus remained warm and soft. Dr. Gibb referred to cases in his own 
experience, where the epiglottis was destroyed by disease, and, notwithstanding, 
the food did not glide over the vocal cords, as the soft parte at the top of the wind- 
pipe approximated and allowed the food to slip into the gullet. It could be seen 
also, that when the act of deglutition was examined with the laryngoscope, the 
cavity of the larynx was quite closed up, and then covered by the depressed epi- 

lottis, so that food could not enter in the natural way. From these well-known 
acts, with others which he mentioned, Dr. Gibb stated that our well-known views 
in relation to deglutition, and the part the epiglottis played in it, remained sound 
and could not be controverted by any experiments that might be made with the aid 
of the laryngox ope. 


Remarks on the Skeleton of a Woman et.104. By Dr.G. M. Humpnry, F.R.S. 
The woman had been a temperate person, eating rather heartily and drinking 
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about half a pint of beer daily. Describing the post-mortem appearances, Dr. HL 
said the o f were all sound and healthy’ and e cause of death was accumuls- 
tion in the bronchial tubes. The costal cartilages were as soft as in early life. The 
same thing was noticed in the post-mortem examination of old Parr by Dr. Harves, 
and this was thought by him and by subsequent writers to be a condition peculiar 
to old Parr, but he, Dr. Humphry, had met with the same in many examinations of 

ed people. It is well known that after the middle period of life the costal car- 
tilages often lose their elasticity, and become more or less calcified. Dr. Humphrv 
is inclined to regard this change as not so much an attendant upon age as upon at 
unhealthy condition of the system. He considers it, in short, tobe a morbid rather 
than a senile change, and intimated that some aid to prognosis respecting longevitr 
might be furnished by an examination of the walls of the chest, a deficiency in 
their elasticity being an indication of commencing failure of the nutritive function. 
The walls of the skull were unusually thick and heavy, the skull weighing 2"; 
ounces, or at least six ounces more than the average of adult skulls. In sing: 
contrast with the condition of the skull was the state of the femur, which was frs- 
gile, porous, and ligat, weighing only five ounces. Dr. Humphry pointed out this 
as an anomaly, that when the muscles and bones of the body generally had become 
weak and less able to carry weight, the weight to be carried should be increased by 
the increased thickness and heaviness of the skull. The only other ch noticed 
by Dr. Hum hry was the depression of the head of the femur, the angle formed br 
the neck with e shaft being only 100°. He had often found it as low as 110° m 
old persona. In the adult it 1s usually from 125° to 130°. 


On the Vascular Arrangements of the Cornea. By Dr. W. H. Lieureonr. 


In this paper the cornea was shown to be non-vascular, except at its extreme 
margin, even during foetal life, the capillaries ending in loops. The circular venous 
sinus of Schlemm was described as occurring about the middle thickness of the 
junction of the cornea and sclerotic, not at the point of division of the posterior 
elastic lamina, where it usually is said to be. Certain very delicate membranous 
sheaths were described, surrounding the capillaries of the cornea of many if not 
all animals, in some, as the sheep, containing, in addition to the blood-vessel, cor- 
puscles identical in appearance with lymph-corpuscles : also | trunks, not ccn- 
taining blood-vessels, but having the corpuscles in them, were shown leading from 
the cornea into the sclerotic. The opinion was put forth that these sheaths and 
trunks are really lymphatics, and it was supported by the recently-published di:- 
covery of Professor His, viz., that the vessels of the brain and spinal cord are sur- 
rounded by sheaths capable of being injected, and from which the lymphatics of 
the membranes of these organs may also be injected. 


On the Development of the Vascular System of the Fotus in the Vertebrata, 
with the view to determine the true course of the Circulation through th 
Veins and Arteries of the Human Foetus in utero. By Prof. Macponat. 


The early stages of embryonic or fetal development have long been well ex- 
hibited by the phenomena of the incubated of the domestic poultry ; on the 
present occasion the same field will be referred to in tracing the growth of the 
vascular system. ; 

Having shown that the rudimentary heart of the embryo is formed by bending 
a tube in the vascular area between the serous and mucous layer, it firat appesrs 
as a sacculated cone lying in front of the head of the embryo. From the lower 

, on the right side, a vein protrudes passing upwards to the sinus terminalis, from 
which the blood filtrates through the capillary area of the blastoderm, forming the 
blastoderm arteries which enter the embryo, pouring the aérated blood on each side 
into sorte. The aorta on each side of the chorda centralis terminates in four 
branches ; Ist, to the heart for its growth ; 2nd, to the submaxillary region for the 
growth of the lungs, and possibly the subclavian; 3rd, the external carotid and 

acial arteries; and 4th, the terminal or internal carotid for the development of the 
brain. The blood then returns to the atrium cordis by the two veins which enter 
on the left side. After the ovule arrives at the uterus, the flocculi of the shaggy 
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external chorion form the placenta by the umbilical vein pouring its blood among 
the non-vascular branches of the shaggy chorion, as in the earlier stage of the 
blastoderm capillary area; from this the umbilical arteries receive the arterial blood 
to be sent by the cord to the foetus for distribution through the body. The heart 
of the foetus still continues for some time a unilocular cavity. The ventricle gradu- 
ally grows outside of the atrium cordis, and for some time it continues as a single 
cavity. The atrium cordis soon becomes divided into the right and left auricles. 
The ventricle in like manner becomes divided by a septum separating the right 
and left ventricles. ‘The aortic bulb may assist the circulation. The circulation 
thus by the venous blood being sent by the umbilical vein to the placenta, 
when the heart consisted of a single cavity, the blood would only return by the 
arteries of the cord to the aorta through the umbilicus, and thus the course of the 
circulation in the footus as usually described is, according to the author, erroneous. 


Rigor Mortis not Muscular Contraction. By Dr. R. Norzts. 


The commonly received theory of rigor mortis is, that it is an energetic muscular 
contraction. That this view is erroneous is proved by the following considera- 
tions :—lst. That the rigor of opposing sets of muscles does not cause the redispo- 
sition of limbs in obedience to the superior powers of the stronger sets of opponents. 
2nd. That if either the flexors or extensors of a limb be divided and the limb be 
placed, before rigor has set in, in the position in which it should be drawn by the 
cut set of muscles had the action of these been unopposed, the uncut set of muscles 
do not alter that position. 3rd. Contraction and the presence of irritability being 
an inseparable association, it follows that if irritability be absent for a long time 
immediately prior to the supervention of rigor mortis, the latter cannot be regarded 
asa contraction. 4th. The microscopical appearance of muscular tissue affected 
with rigor mortis is entirely different from that of muscular tissue in a state of con- 
traction. The truth of these arguments he had demonstrated by a variety of ex- 
periments, selections from which were set forth in detail. Photographs of many 
of the results and specimens of others were submitted to the Section. Rigor mortis 
is therefore not a contraction, either energetic or otherwise, of muscular tissue. It 
is a suspension of the property of extensibility, probably due to a solidification 
(coagulation ?) of a fibrinous (?) material contained in the interfibrillar juices of 
the muscles, as asserted by Briicke and Kiihne, the resolution of which by incipient 
decomposition restores to the muscles their mobility. 


On the Early Development of Organs in Embryonic Life. 
SamvEt H. Parkes. 

The difficulty of demonstrating the general anatomy of animals at a very earl 
period of gestation may be greatly leesened by hardening the foetus in alcohol, an 
then making a consecutive series of very thin sections. 

A number of such preparations were exhibited, viz., foetal rat at twenty-first day 
of gestation; foetal rabbit at twenty-fourth day; foetal calf, two months; foetal dog, 
two months ; human feetus, two months; and bantam chick artificially hatched. In 
these preparations may be seen the whole of the internal organs tn situ, each section 
showing the correct relative position of organs lying in the plane of such section. 

The advanced state of development which exists at this early period in the 
structural peculiarities of the visceral o is truly astonishing. the sections of 
a human feetus (of about two months), for instance, may be seen at one view some 
of the distinctive characteristics of cuticle, muscle, bone, spinal cord, heart, lungs, 
liver, kidney with suprarenal capsules, spleen, intestines, and even sexual organs. 

In another central section of a bantam chick, the peculiar lung structure of the 
bird is displayed, and the singularly beautiful insertion of rudimentary feathers. 
Those of the rat and dog (which are made longitudinally through the centre of the 
entire body) display the brain and whole length of spinal cord. 

In another section of a human foetus of between two and three months’ growth, 
it was seen that the vascular system had progressed to such an extent as to receive 
a partial Carmi ine injection. 3 (orith diff 3 ' 

n carefully examining and comparing (with different degrees of magnifyi 
power) these and similar preparations made at a very early period “ot otal 
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life, it will be seen that a distinct general mapping out of organs exists, before m 


that » differentiation of character takes place in many of theee cells to a far greater 
extent t " 


with the same o in the adult animal. 
pend The smallness of the cerebellum in the mammal fostas, and its Zergenes in 
the bird. 
Srd. The large size of the spinal cord ani posterior ganglia, both in the bird and 
manimal fostus, when compared with that of the adult animal. 


On certain Points in the Anatomy of Lambricus terrestris. 
By Dr. Rouieston, F.R.S., Professor of Physwology tn the University of Oxford. 


On certain Points in the Anatomy of two Animals frum the Mammoth C2, 
Kentucky. By Dr. Rotuestox, F.R.S., Professor of Physiology in the Cui- 
versity of Oxford. 


On certain Physiologeal Experiments with Ozone. 
By Dr. B. W. Ricnarpeon, M.A., F.R.C.P. 


The following are the reliable facts known up to this time respecting ozone :— 

1, Ozone in a natural state of the air is always present in the air in minute pr- 
portions, viz., one part in ten thousand. 

2. It is destroyed in large towns, and with special rapidity in crowded, close, and 
filthy localities. 

3. Ozone gives to oxygen properties which enables it to support life. In this 
re it acts like heat: its effects are destroyed by great heat. 

. Ozone diffused through air in excessive quantities produces, on inhalation, 
distinct symptoms of acute catarrh—common cold. 

5. When animals are subjected to air richly charged with ozone, the symptom: 
produced, at a temperature of 75°, are those of inflammation of the throat an 
monary mucous membrane, and at last of congestive bronchitis, which in carnivo- 
rous animals is often rapidly fatal. 

6. When animals are subjected for a long period to ozone in small proportions, 
the agent acts differently, according to the animal. The carnivora die, Tr some 
hours, from disorganization of the blood and separation of fibrine; but the herbivora 
will live for weeks, and will suffer from no acute disease. 

7. The question whether the presence of ozone in the air can produce actual] dis- 
ease muat be answered cautiously. Science has yet no actual demonstraére evi- 
dence on the point. But the facts approach to demonstration that common cold 
(catarrh) is induced by thie agent. All elre is as yet speculative. 

8, During periods of intense heat of weather, the ozone loses its active power. 

9. On dead organic matter undergoing putrefaction ozone acts rapidly ; it en- 
tirely deodorizes by breaking up the ammoniacal products of decomposition. 

10. There is an opposite condition of air in which the oxygen is rendered nega- 
tive in ita action, as compared with the air when it is charged with ozone. Air 
can thus be rendered negative by merely subjecting it, over and over again, to ani- 
mals for respiration. The purification of such air from carbonic acid and other 
tangible impurities does not render it capable of supporting healthy life; but ozone 
restores the power. In a negative condition of air, the purification of the organic 
matter is greatly modified, and the offensive products are increased. Wounds be- 
come unhealthy, and heal slowly in such negative air. 
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11. There is no demonstrative evidence, as yet, that any diseases are actually 
caused by this negative condition of air; but the inference is fair, that diseases 
which show 8 putrefactive tendency are influenced injuriously by a negative condi- 
tion of the oxygen of the air. It is also probable that during this state decomposing 
organic poisonous matters become more injurious. 

12. As ozone is used up in crowded localities, and as it is essential that ozone 
should be constantly supplied in order to sustain the removal of decomposing sub- 
stances and their products, no mere attention to ventilation and other mechanical 
measures of a sanitary kind can be fully effective unless the air introduced be made 


active by ozone. Fever hospitals and other large buildings in towns should be ar- 
tificially fed with ozonized air. 


A few Remarks on the Causes of the Cattle Murrain. By Dr. Swerrte. 


On Variability as manifested tn the Construction of the Human Body. 
By Wiurtam Turner, M.B., F.R.S.E. . 


After alluding to the diversities in the external form of the body, which impart 
characters generally recognized as diagnostic not only of the race but of the indi- 
vidual, the author proceeded to show that variations also occurred in the different 
organic systems; and though no outward evidence of the existence of many of 
these variations may be manifested, yet they furnish the individuals in whom they 
occur with characters as distinctive as any peculiarities of external configuration. 
Hence, in the development of each individual, a morphological specialization occurs 
both in internal structure and external form, by which distinctive characters are 
conferred, so that each man’s structural individuality is an expression of the sum 
of the individual variations of all the constituent parts of his frame. The illustra- 
tions advanced in support of the author’s opinions were taken from the flexor 
muscles of the fingers and toes, and from the modifications in the form and size 
of a foramen called supracondyloid, which is occasionally met with in man, and of 
the objects passing through it. Of the variations in the flexor muscles of the 
fingers, the author especially pointed out the different slips not unfrequently met 
with connecting together the muscles or subdivisions of muscles situated not only 
on the same plane but on the superficial and deep planes. Of the variations occur- 
ring in connexion with the flexor muscles of the toes, the different modes in which 
the connecting slip passes from the long flexor of the great toe to the common 
flexor of the toes were analyzed in fifty feet. In eleven it ended solely in the dee 
tendon for the second toe; in twenty in the deep tendons for the second and thir 
toes; in eighteen in the deep tendons for the second, third, and fourth toes; in one 
in the deep tendon for the second, third, fourth, and fifth toes. Each of these 
specimens again possessed characters which distinguished it from any other. In 
nine cases a connecting band passed from the common flexor to the long flexor of 
the great toe. Variations in the mode of arrangement of the accessory flexor, the 
short flexor, and the lumbricales in the fifty feet examined were also described. The 
differences which the supracondyloid process of the humerus exhibited in specimens 
dissected by the author were also pointed out, and the variations in the objects 

assing through the foramen which it assists in forming were summarized as fol- 

ows :—Ilst. Both brachial artery and median nerve may go through it. 2nd. With a 
high division of the brachial artery,the ulnar artery and median nerve may go through 
it. 3rd. With a high divis'on of the brachial artery, the radial artery and median 
nerve may pass through it. 4th. The median nerve, with only a small branch of the 
brachial artery, may pase through it. 5th. The median nerve, unaccompanied by 
any vessel, may go ti:rough it. Variability in construction was not manifested 
merely in different individuals ; but in the same person corresponding structures on 
opposite sides of the body were by no means symmetrically disposed. How far 
these variations were produced by the conditions of life of the individual, or how 
far they might be due to hereditary transmission, were questions which for the 
present must be left undetermined. 
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GEOGRAPHY AND ETHNOLOGY. 


Victoria Falls of the River Zambesis. By T. Bavves. 


The author visited the Victoria Falls of the Zambesi in 1862, during a journey 
which he undertook, in company of Mr. James Chapman, with the object of ta- 
versing the continent of Africa, from Walviech Bay on the west coast to Quilimane 
on the east, by way of Lake N’gami and the Zambesi river. They spent three weeks 
surveying the Falls, Mr. Chapman photographing, and Mr. Bames sketching the 
scenery ; the result being a more accurate delineation than had previously been given 
of this remarkable feographical feature of Central Africa, which was discovered, as 
is well known, by Dr. ivingstone in 1855. The cataract is formed by the river, st 
a point where it is nearly vards wide, plunging into a deep narrow chan 
(lying across its bed), about 400 feet deep and froma 70 to 180 yards wide ; the 
waters escaping from this by a narrow gate near the eastern end and pursuing ther 
course to the lower country along a narrow gorge, prolonged for a great distance 
extremely abrupt windings, traces of which are to be seen 800 miles below the cate- 
ract. A cloud of spray, resembling smoke, issues from the depths of the chasm, and 
rises, as was ascertained by the author, to a height of 1200 feet; from this and the 
roar of the waters is derived the native Makalolo name of the Falla, ‘“ Mosi-ca- 
tunya”’—“ the smoke sounding.” A luxuriant tropical forest, teeming with animal 
life, surrounds the cataract, and also the river above It; but the country further down, 
lacking the fertilizing influence of the river, sunk deep below the surface, is of the 
usual African aridity. The author described in some detail the various excursions 
he undertook through the difficult country round about the Falls, in search of good 
points for sketching them ; but owing to their t extent, it was impossible to 
obtain a ood general view from any point, though many partial ones of great beauty 
may be found. The whole Fall is broken into a number of minor cataracts, one of 
which, at the western end, is more sloping than the rest, on account of the 
edge of the Fall being worn away. At this part there is a greater volume of falling 
water than elsewhere, and it rushes down the steep incline in a fleecy, seething 
torrent, scattering spray that flashes like myriads of diamonds in the sunlight, the 
rainbow formed by the unclouded tropic sun upon the rising vapour being one of 
the most brilliant and beautiful objects it is possible to conceive. 


Letter from Mr. Samvet Baxer to Sir R. I. Murcutson. 
“ Khartum, April 30. 

“ My pEar Sim,—I arrived here yesterday, and trust to be in England shortly after 

ou receive this. I thank you for your very welcome letter, which reached me in 
Unyaro, delivered by an Arab trader on the 20th of September, 1864. Your appre- 
ciation of my researches among the various Nile tributaries in 1861 gave me Great 
pleasure, and was a timely stimulus at a moment when I was ill and broken down 
with fever. 

“T had the good fortune to meet Captains Speke and Grant at Gondokoro, in 
February 1863. The object of my expedition being attained by meeting them, and 
by their discovery of the Victoria Nyanza Nile-head, I should have returned with 
them had not Captain Speke reported that he had heard of a lake called by the 
natives Luta Nzigé. This, he imagined, might be a second source of the Nile, and 
I at once determined to attempt its exploration. 

‘““My boats departed from Gondokoro for Khartum with Captains Speke and 
Grant, but when I was about to start the whole of my men mutinied and refused 
to proceed, retaining possession of my arms and ammunition. ‘The ivory traders of 
the place combined to prevent any European from penetrating the interior, fearing 
travellers’ reports upon the slave trade. The chance of being able to proceed a 
peared hopeless. ing resolved not to be driven back, and finding it impoasible 
to lead my men south, [ at length induced eighteen of my mutineers to accompany 
me to the camp of one of the traders, E.S.E. of Gondokoro about 80 miles, whence 
I hoped to be able to alter my course. Having loaded my camels and asses, I started 
“at night, without either interpreter or guide, neither of whom were procurable, all 
the natives being under the influence of the traders. On ing the station of an 

Arab trader, six days from Gondokoro, my men, who had previously conspired to 
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desert me at that spot, again mutinied ; several absconded with arms and ammuni- 
tion, and joined the ers party. They, however, with the entire party, were 
massacred by the Latooka tribe two days after their desertion. 

“ A day's journey in advance of that station I met an Arab trader, whose heart 
I gained resents. I persuaded him to supply me with porters, and to accompany 
me to the Unyoro country, where he might commence a trade with King Kamrasi, 
Thence I intended to strike west in search of the lake. 

“Owing to a succession of difficulties and delays I did not arrive at Kamrasi’s 
capital, M’rooli, N. lat. 1° 37’, until the 10th of February, 1864, The trader's party 
returned to Gondokoro, leaving me with my escort of thirteen men to 
eighteen days’ march I reached the long wished for lake, about 100 miles west of 

‘rooli, at Vacovia, in N. lat. 1°14’. respect for the memory of our lamented 
Prince { named it (subject to Her Majesty’s permission) the ‘ Albert Nyanza,’ as the 
second great source of the Nile—second, notin importance, but only in order of dis- 
covery, to the Victoria Nile-head. The Victoria and the Albert lakes are the indu- 
bitable parents of the river. 

‘The capital of Unyoro (M‘rooli) is situated at the junction of the Nile and 
Kafoor rivers, at an altitude of 8202 feet above the sea-level. I followed the Kafoor 
to lat. 1° 12’ N., to avoid an impassable morass that runs from north to south ; upon 
rounding this I continued a direct westerly course to the lake. The route through~ 
out is wooded, interspersed with gladee, thinly populated, with no game. My route 
lay over high groun to the north of a swampy valley running west; the greatest 
elevation was feet. The rocks were all gneiss, granite, and masses of iron ore, 
apparentl fused into a conglomerate with rounded quartz pebbles. 

‘The Albert Lake is a vast basin lying in an abrupt depression, the cliffs, which 
I descended by a difficult poss, being 1470 feet above its level. The lake level is 
2720 feet, being 1341 feet lower than the Nile at M‘rooli; accordingly the drainage 
of the country tends from east to west. From the high ground above the lake no 
land is visible to the south and south-west; but north-west and west isa lange 
range of mountains, rising to about 7000 feet above the lake level, formi e 
western shore, and running south-west parallel to the course of the lake. th 

ing Kamrasi and the natives assured me that the lake is known to extend into 
Rumanika’s country to the west of Karagwé, but from that point, in about 1° 30‘ 
S. lat., it turns suddenly to the west, in which direction its extent is unknown. In 
N. lat. 1° 14', where I reached the lake, it is about 60 miles wide, but the width 
increases southward. The water is deep, sweet, and transparent; the shores are 
generally clear and free from reeds, forming a sandy beach. 

‘‘ I navigated the lake in a canoe formed of a hollow tree for thirteen days from 
Vacovia, arriving at Magungo, at the junction of the Nile with the lake, in N. lat. 
2° 16'. Tho voyage was long, owing to the necessity of coasting, and to the heavy 
sea, which, with a westerly wind, generally rose at 1 p.m. daily. 

‘¢ At the Nile junction the lake had contracted to a width of about 20 miles; 
the shores were no longer clean, but vast masses of reeds growing in deep water 
prevented the canoe from landing. Mountains had on the eastern shore, 

iving place to hills about 500 feet high, which instead of rising abruptly from the 
fake, like the mountains further south, were five or six miles distant, the ground 
descending in undulations to the lake. The entrance of the Nile is a broad channel 
of deep but dead water, bounded on either side by vast banks of reeds. From this 
point the lake extends to the north-west for about 40 miles, and then turns to the 
west, contracting gradually ; extent unknown. 

« About 20 miles north of the Nile junction at Magungo the river issues from the 
great reservoir, and continues its course to Gondokoro. 

‘‘ [I went up the Nile in a canoe from the junction; the natives would proceed no 
further north, owing to the hostile tribes on the lake shores. About 10 miles from 
the junction the Nile channel contracted to about 250 yards in width, with little per- 
ceptible stream, very deep, and banked as usual with high reeds, the country on either 
side undulating and wooded. The course from the junction up the river being east, 
at about 20 miles from Magungo, my voyage suddenly terminated; a stupendous 
waterfall of about 120 feet perpendic height stopped all further progress. Above 
the great fall the river is suddenly confined between rocky hills, and it races through 

55, 
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@ gap, contracted from a stream of perhaps 200 yards width, to a cham 

act exceeding 60 yards. Fhrough this gap it rushes with amazing , and 

lunges at one leap into a deep basin below. This magnificent cataract I here 
From that point I proseeded overland, parallel with the rivar through 

“Fyrom that point overland, wi © river i 
and at length T feached Karums, having been for some months completely pax 
by fever, my quinine long since exhausted. 

“Lake Albert Nyansza forms an immense basin far below the level of the adjacent 
country, and receives the entire drainage of extensive mountain ranges on the west, 
and of the Utumbi, Uganda, and Unyoro countries on the east. tually re- 
ceiving the Nile itself, it adds its accumulated waters and forms the second source 
of that mighty river. The voyage down the lake is extremely beautiful, the mour- 
tains frequently rising abruptly from the water, while numerous cataracts rash 
down their furrowed sides. The cliffs on the east shore are granite, frequently 
mixed with large masses of quarts. 

‘‘On the eastern borders of the lake much salt is obtained from the eoal; this 
forms the trade of the miserable villages which at long intervals are situated on 
the Unyoro shore. The natives are extremely inhospitable, in many cases : 
to sell provisions. Mallegga, on the west coast of the lake, is a large and 
country, governed by a king named Kajoro, who possesses boats sufficiently large 
to cross the lake. e M eggs trade largely with Kamrasi, bringing ivory and 
beautifully-prepared skins and mantles in exchange for salt, brass-coil bracelets, 
cowries, and beads, all of which articles, excepting salt, come from Zanzibar wd 
K 6, there being no communication with the west coast of Africa. 

“The actual lengt of the Albert Nyanza from south to north is about 260 
graphical miles, independent of its unknown course to the west, between 1° andl 3 
south latitude, and of its similar course in the north, in lat. about 3°. 

“T rejoice at having been able to accomplish this exploration without the assist- 
ance which the Royal Geographical Society so kindly offered. I enclose of 
my route, with a list of elevations above the sea-level (taken by one of ‘s 
thermometers, subject to correction in England). Success having rewarded me 
for all hardships, I look forward-with impatience to the pleasure of giving you more 
detailed information in person. “6 Very sincerely ours, 


“SamurL, W. Baxer.” 
“ Sir Roderick I. Murchison, K.C.B.” 


On certain Simious Skulls, with especial reference to a Skull from Louth, in 
ireland. By 0. Canrm Braxg, PA.D., F.GS., FASL. 

The author said the skull exhibited was the property of the Anthropological 
Society of London. It was presented to their Museum by Oaptain Mon 
Moore, who obtained it from Louth Abbey, in Ireland. othing more is 
of its history. The attention which has been drawn, during the few years, to 
the celebrated skull from the Neanderthal, in Germany, renders any skull which 
at all resembles it in ita most striking aspect of iar interest. M. Pruner-Bey 
was the first who pointed out the close resemblance between the ekull from the 
Neanderthal and those of existing Irishmen. Professor Wm. King, of Galway, in 
his comparison of the Neanderthal skull with the more normal examples of human 
cranias, refers frequently to a skull from Corcomroo Abbey, County Clare, lreland, 
which, from his description, a to present some points of affinity with the skull 
from Louth now exhibited. the Louth skull was ovately dolichocephalic. The 
brow-ridges are large, and the points of muscular attachment are well marked. The 
frontal suture has been early obliterated, and no trace whatever exists. The length 
of the sagittal suture is 11:4 centimetres. Throughout the whole of the posterior 
two-thirds of its length, obliteration has proceeded to such an extent as entirely to 
obscure the indications which would have shown its proportions, direction, or ser 
ration. The lambdoidal suture is present on each side, in an upward direction, for 
about two inches from its junction with the additamentum mastoidaks, The coronal 
suture offers some points of interest. Partial obliteration has extended through- 
out the whole of its course, excepting the deeply serrated portion above the post- 
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orbital and temporal ridges. The condition of the sutures around the alisphenoid 
bone demands our special attention. It is only necessary to say that on the left 
side the epheno-frontal and spheno-parietal sutures are entirely closed, whilst not 
the slightest trace exists of their direction. Turning, however, to the right side, 
the shape of the posterior edge of the alisphenoid becomes manifest. A long narrow 
tongue of bone extends in front of the squamosal, and is partially confluent with 
the parietal, especially at the extreme anterior corner of the latter. It has also 
become, to a leas extent, though still definitely, coalescent with the frontal bone. 
This coalescence is especially interesting, as, although upon the right side of the 
skull, it has taken place upon # spot apparently free from the erosive action which 
has taken place on the posterior right portion of the skull. It is only necessary to 
say that, with respect to the squamous suture, no larities meet the eye of the 
observer. The connexion between the mastoid and squamosal bones is obliterated 
toa great extent, but not more so than is usually observable in aged individuals. 
The brow-ridges are exceedingly peculiar. Enormous frontal sinuses have developed 
a bony ridge, which extends above the eyes throughout the whole length of the 
supraciliaries, and is thickest and most pronounced immediately below the glabella. 
The supraorbital canal on the right side is higher than on the left. Proportio- 
nately to the size of the ridge, the supranasal notch does not appear deep. The 
forehead is rather low and retrocedent, apparently rendered more so by the great 
size of the supraciliary ridges. The curve of the frontal bone, backwards and u 

, is equable and smooth. When a line from the glabella to the inion is made 
horizontal, the greatest height of the skull is situated about an inch behind the 
junction of the sagittal and coronal sutures. When the Abbé Frére’s line from the 
meatus auditorius to the centre of the coronal suture is made vertical, the most 
posterior part of the skull is situated about an inch and a half lower than the apex 
of the lambdoid suture, and the same distance above the inion. The line of greatest 
breadth of the skull will be found in a line drawn from the spot of greatest height 
to the apex of the mastoid process. The parietal bones are very slightly flattened 
between the line of the sagittal and the line of attachment of the temporal muscle, 
The traces of the latter are not remarkably prominent. From the above descri 
tion of the skull, the author considered that the following conclusions can safely 


wn. 

The contracted forehead is due to the premature closing of the sutures surround- 
ing the alisphenoid bone, and the lower medial part of the coronal suture. In 
early life, the frontal and alisphenoid bones being firmly united with the adjacent 
ones in such a way as to form a bony plate, the same conditions were observed as 
described by Dr. B. Davis, in his paper on the Neanderthal skull. “ It will thus 
be seen that there is nothing either of a simious character, or that might not have 
been expected in the low forehead of the Neanderthal skull, in which the brain 
had to grow and expand under a plate of bone, which appears to have been in a 
great degree in one solid piece. It was impossible to raise this plate of bone up- 
‘wards; and the result, as will be seen, was a development to another direction. 
In the middle region of the calvaria, the sagittal suture being closed, the contained 
cerebral substance could only expand at the sides, in the situation of the squamous 
sutures ; and here the Neanderthal calvarium seems not to lack development. But 
in the posterior region ita greatest expansion took place, precisely because in this 
part was the open lambdoid suture, which admitted of the growth of the brain. In 
beets ont of this imperfect calvarium, the superior occipital scale is seen to be 
bu out, and the whole of what remains of the occipital bone is full and 
the compensatory result for the contracted anterior regions.”” The above words, 
which Dr. B. Davis applies to the Neanderthal skull, can be applied, mudatis mu- 
tandis, to the skull from Louth. The peculiarities which were alleged to be so 
specially characteristic of the Neanderthal skull having been proved to be due 
merely to the premature closing of certain sutures, the fact ie not remarkable that 
such skulls as the specimen, “ 1029 of Davis,” or as the skull before us, should be 
encountered not unfrequently. Attention having been drawn to the influence 
which premature closing of the sutures produces on the form of the skull, it is pro- 
bable that we shall find many other instances. But the occasional occurrence of 
such cases leads an anthropologist deeply to regret that such au abnormty as the 
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Neanderthal skull should have ever been pat forward as an important link in the 
series of early forms, connecting man with the lower animals, and to hope that 4 
similar error of generalization will not occur again in our science. Although to 
allude to the Neanderthal skull, in the present state of the controversy, may a 

to some a superfluous digression, the lesson cannot be too often insisted on, that in 
examining a skull purporting to be that of “the missing link,” it should have 
been worth while to have inquired whether its peculiarities were not in some 
degree traceable to the premature ossification of the sutures of the skull. 


Explorations in the Interior of Vancouver Island. By R. Brown. 


” An expedition, ul by the Vancouver Island loration Committee, and 
co: ed by Mr. wn, explored a large portion of the hitherto almost un- 
known interior of Vancouver Island, in the summer of 1864. The party, which 
comprised an astronomer, an artist, and a naturalist, besides a staff of assistants and 
native hunters, first traversed the island from Cowichan Harbour to the fortified 
Indian village of Whyack, near the “ False Nittinaht” of the Admiralty charta. 
During this journey the t Cowichan Lake was well explored. It was found to 
be 22 miles in length, and from one-half to three-fourths of a mile in breadth, sar- 
rounded by two distinct ranges of mountains, from 2000 to 3000 feet in height. 
From the Iake Mr. Brown struck across a well-timbered country to the south-west 
until he reached the Nittinaht River; on this stream the party embarked in rafts, 
and arrived, after a us joumey down the rapids, at a broad inlet of the sea, 
18 miles in length, the shores of which are studded with Indian villagea. The inlet 
opens to the Pacific by a very narrow Passage between cliffs. The next journey was 
performed by Lieut. Leech the second in command, when the island was crossed s 
second time, from Sooke Harbour to Cowichan Harbour. The expedition then 
ceeded by sea to Nanaimo, on the east coast, and after exploring the various 
branches of the Courtenay River, and discovering extensive of coal, again 
crossed the island in the direction of the Cen Lake, discovering, on the war, 
five new lakes and several rivers. The Central Lake they found to bo a ex- 
of water, 18 miles long. Leaving ite shores they proceeded by land to Klee- 
coot Lake, another large sheet of water, and thence to the Alberni settlement ; 
finally recrossing to Nanaimo. Mr. Brown and Lieut. Leech report the whole of 
the interior as rugged and mountainous, but well wooded ; gold and other minerals 
were found in various places, but very little pastoral land. tween Nanaimo and 
Alberni there are four distinct ranges of mountains, the culminating peaks of which 
range from 3700 to 5500 feet in height. 


Ascent of the River Purus. By W. Cuanvirss. 


The Purus is one of the least known of the great tributaries of the Amazons, and 
has been a subject of great interest, not only to geographers but to the people of 
Peru and Brazil, from the fact that a few native traders sailing up it in canoes have 
reported it free from impediments to navigation, and from the supposition that the 
fine stream, the Madre de Dios, flowing from the southern provinces of Peru, formed 
its head-water. The Brazilians were further interested in it on account of the 
report that there was water communication between it and the great river Madeira 
above the cataracts, which might serve as an outlet for the productions of the inte- 
rior province of Matto Grosso. In modern times, the Brazilian Government had 
despatched four expeditions from the Amazons up the river; but none of them had 
solved the problems connected with it, or made accurate geographical observations 
during the voyage. | Mr. Chandlesa, therefore, undertook to explore it in detail br 
his own unaided resources. He obtained, by a fortunate circumstance, a crew of 
Bolivian Indians to navigate his canoe, and taking with him a complete outfit of 
instruments for observation, entered its mouth on the 12th of June, 1864. He 
continued his vo until, on the 23rd of December, the river was 80 narrow and 
impeded with rocks that he could go no further. He was then 1866 miles from its 
mouth, and at an altitude of only 1088 feet above the sea-level. He penetrated as 
‘ar as he could up both of the terminal forks of the river; but neither proved to be 

1 Madre de Dios, being about 2° of latitude to the N.N.W. of that river, and 
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lying in & position in which one of the eastern tributaries of the Ucayali is marked 
on the maps. The forest was ev here so dense and lofty that from no point 
could a view be obtained of the Andes, although Mr. Chandless supposed they 
would be visible. Near these upper waters a primitive tribe of Indians was met 
with, who had never had intercourse with white men or with the trading Indians 
lower down; they were ignorant of the use of iron, and possessed hatchets of 
stone. 


On the Origin of the Gipsies. By Dr. Cuanrocx. 


On Cannibalism in Europe. By Dr. R. 8. Cuannocn, F.S.A. 


The author commenced by avowing that he was aware that the subject of his paper 
was an unpalatable one, but asked his hearers to take into account the fact that the 
inhabitants of Europe were at one time quite as savage as many existing cannibal 
races. He quoted the testimony of many ancient authors in favour of the existence of 
cannibalism among the Leestrygones, the Lamie, and the Cyclopes. Many ancient 
writers had advocated the theory that it was more reasonable to eat human flesh 
than to leave it a prey to worms and to putrefaction. A French author had stated 
that human flesh did not differ appreciably in taste from that of domestic animals, 
and that the moral crime of cannibalism consisted in the murder and not in the use 
of the body as food. St. Jerome’s well-known testimony in favour of the existence 
of cannibalism amongst the Attacoli or Attacoti of Scotland was cited, as well as 
that of Diodorus Siculus respecting the Galate, and that of Herodotus respecting 
the Issedones. In the middle ages cannibalism was usually attributed to all nations 
which had not embraced Christianity; it was fashionable to bring the accusation 
against enemies, and the Saracens and Christians during the C es ch each 
other with devouring the flesh of slain prisoners. Acvording to Reinard, Tarik the 
Moor served up the flesh of his prisoners to his troops. In Milan, in 1519, a woman 
was condemned to death for enticing into her house children, whom she killed and 
salted. In 1782 a French bandit was broken on the wheel for the murder of young 
women and children whom he devoured. In the reign of Elizabeth a Scotch ban- 
dit, Sawney Bean, was executed for cannibalism, and other instances were cited 
from Germany and Spain. In the latter country a law existed by which a father 
besieged in his lord’s castle and pressed by hunger might eat his own son rather 
than surrender the castle. During the siege of Calahorra, this law was acted on. 


The Oriental Negro. By J. Crawrunn, F.B.S., F.G.S. 


Under the designation of “ Oriental Negroes,” this paper describes no fewer than 
seven different races, all differing not only from the African Negro, but widely dif- 
fering among themselves in physical form and in language. e Negroes of the 
Andaman Islands, of the Malay Peninsula, are pigmies of some 4 feet 9 inches 
high ; the Papuan Ne of New Guinea rise to the average of 5 feet 4 inches ; 
while those of the Fiji group reach 5 feet 7 inches, or are of the ordinary stature 
of Europeans. In view of all the Negro races of man, whether Occidental or 
Oriental, the conclusion to which the writer comes is, that they are inferior to all 
the other races in juxtaposition to them. In Africa the Negro is inferior to the 
Mauritanian, the tian, the Nubian, and the settlers from Arabia and India. 
In the Malay Peninsula, in the Philippines, and New Guinea, he is inferior to the 
Malay, and in the isles of the Pacific he is immeasurably below the brown 
straight-haired Polynesian. It is especially his mental inferiority that makes the 
Negro everywhere liable to be domineered over or enslaved by the more highly 
gifted races. 


On the Physical and Mental Characteristics of the African or Occidental Negro. 
By J. Crawrurp, F.R.S., F.GS. 


The Negro was defined by the author as a human being with the hair of the head 
and other parts of the body always black and more or less woolly; with a black 
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akin of various shades; dark eyes, a flat face, depreased nose, jutting jaws, thick 
lips and large mouth ; with oblique incisor teeth. To this was to be added a pecu- 
liar odour of the skin, offensive to and unknown in the other races of man. He 
did not think that the form of the skull, in so far as it is the brain-case, could be 
insisted on as a criterion of the African Negro, for he did not believe it had any 
characters by which it could certainly be distinguished from the skulls of nearly- 
allied races, such as those of the Abyasinians and of the Oriental N. The 
word Negro was obviously a corruption of the Latin adjective for “black.” The 
intellectual character of Negroes might be , udged of by the low grade of civilin- 
tion which they had attained, notwithstanding that their country has furnished 
them with nearly all the appliances that contribute to social fertile coil, 
cultivable cereals, domesticable animals, useful metals, and so forth—in a far higher 
degree than the most advanced nations of native America and the fairer race of the 
Pacific isles, One remarkable example of the obtuseness of the African Negro was 
his never having tamed the elephant, which is far more abundant in his country 
than in any other part of the world. The African elephant is, indeed, a distinct 
species from the Indian, but it is equally amenable to domestication, as sufficient! 
attested by the well-ascertained fact of the African being the elephant domest: 
by the Carthaginians, a people of Asiatic origin, whose example the African Ne- 
have not had the capacity even to imitate. The Negro had never shown 
ingenuity enough to invent letters, symbolic or phonetic. 


On Cannibalism in Relation to Ethnology. By J. Crawrvsp, F.RS., PGS. 


The argument of this paper was to the effect that the early races of men, ong- 
nally eaters of the raw flesh of animals, were driven at a subsequent stage of pe 
gress, when wild animals had become scarce, to eat the ies of their asin 
enemies. This was the stage of cannibalism, and it ceased when, pressed bys 
diminishing supply of food, human ingenuity was stimulated to invent means far 
augmenting it by cultivating vegetable food and domesticating animals. In classic 
times the Greeks and Romans, and all the tribes and nations with which they held 
intercourse, had reached this stage, and Herodotus is the only classic writer who 
charges two Asiatic nations with cannibalism. We have other evidence, however, 
of the ancestors of the most civilized nations of Europe and Asia eating human 
flesh, in the disinterment from grottos of human bones artificially split for the ex- 
traction of marrow, and so forth. Cannibalism was formerly, and is still practi 
by South American Indians, as well as by the New Zealanders and the inhabitants 
of many islands in the Pacific and in the Malay Archipelago. The author particu- 
larly cited the cannibalism of the New Zealanders as a case in support of his view 
that savages are prompted to cannibalism by the deficiency of other animal food. 


On the Isthmus of Panamd and Inter-Oceanic Ship Canal Routes. 
By Dr. Curuzn. 


This was a review of the various routes which have been hitherto proposed for 
a ship canal across the narrower parts of America, namely, those of Tahuante 
Honduras (from Puerto Caballos to Fonseca Bay), Nicaragua, Chiriqui, Panams, 
Chepo, Atrato and San Juan, Atrato, Napipi and Cupica, Atrato and do, and 
lastly, that of Darien, from Caledonian Harbour to the Gulf of San Miguel. The 
author gave the preference to the last-mentioned line, which he had himself ¢- 
plored some years ago. It is the only one, except that of Chiriqui, which supphe 
the indispensable conditions of a good harbour at each end. The failure of the 
various expeditions sent out in 1863 to discover a practicable line for a canal, w# 
attributed by the author to the refusal or inability of the surveyors, Mr. L. Git 
borne and others, to examine the only point where a passage of the mountains we 
practicable—a break in the chain inland of Caledonia Harbour. The Cordillera }s 
stated to consist here of two separate chains, the extremities of which overlap ech 
other, leaving between them a valley, running at an angle of about 20° with the cost. 
In 1860 a partial exploration of this line was made by MM. Bourdiol, De Purdt 
and Bourcier, and again, in 1861, by the same gentlemen and M. de Champ 

In 1864 a further examination was made by MM. de Puaydt and Tronchon; am 
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in the spring of the present year applications were presented to the Congress at 
Bogoté, by two companies and three firms, for a privilege to cut a canal by this 
line. The length of a canal in this par: would be thirty-five geographical miles. 
A. careful survey is still required of the oblique valley in the Cordillera, the 
highest point of which probably does not exceed 250 feet. 


On the Darien Indians. By Dr. CuLiEn. 


On the Influence of Civilization upon the development of the Brain in the 
different Races of Man. By Ronznr Dunn, F.R.O.S, 


The author began by premising, as a basis for his observations, the following 
stulates :— 
PL. That the brain or encephalon is the material organ of the mind. 

2. That there exists a close correspondence in form and size between the cerebrum 
and its outward bony covering—the skull ; so that the varying forms of the human 
cranium indicate, as outward and visible signs, with certain well understood quali- 
fications, corresponding differences or changes in the shape and size of the cerebral 
substance within. 

8. That the genus Homo is one; and that all the races of the great family of man 
are endowed with the same intuitions, sensational, perceptive, and intellectual— 
the same mental activities, however they may differ in degree; and that they all 
have the essential constituent elements #n common of a moral, religious, and intel- 
lectual nature. 

He waived the question as to the monogenesis or polygenesis of man; but asserted 
that from all historic times there have existed, and do still exist, aboriginal and 
typical races of men, widely differing from each other, and easily distinguishable 
by well-marked physical and psychical characters: auch, for instance, are the Ne- 
groes of Africa, the Mongols of Asia, the red men of America, and the white men 
of Europe. From time immemorial, he said, there have always existed, besides the 
rude and savage hordes of hunters and fishers, two forms or phases of civilization— 
the nomadic or the pastoral, and the agricultural; the former essentially stationary 
in ita character, but the latter eminently and striking] progresswe. 

Now, among the purely nomadic races, Mr. Dunn observed, where civilization is 
stationary, there existe, as might be expected, a uxtform sameness and characteristic 

Jexity in the shape of the head, strikingly in contrast with what is seen to prevail 
among the agricultural races and cultivated Europeans, He dwelt on the import- 
ance of viewing in contrast, the typical crania of the Negroes or Australian savages, 
the Mongolian nomades, and the cultivated Europeans; maintaining that, as the 
akull is the outward measure and index of the brain’s development within, we are 
able fairly to estimate the relative size and comparative developmont of its three 
great divisions, the anterior, middle, and posterior lobes; nay, among the typical 
races, to ize distinctive characters impressed and stamped upon their varying 
crania, as indisputable evidence of jon and elevation of type. In proof of 
this, he adverted to the prognathous type as one of degradation. In striking con- 
trast to this, he adduced as a type of elevation, that of the orthognathic, seen among 
the European nations, the Saxons, Celts, and Scandinavians, where the jaws are 
upright and not projecting, the face scarcely, if at all protruding beyond the fore- 
head ; and where, in place of the narrow, low and retreating forehead, associated 
with ly developed, massive, and projecting bones of the face and jaws, we are 
struck with the symmetrical contour of the head, its size, and lateral fulness; but 
above all, with the elevation of the forehead in proportion to the size of the face, 
and with ita broad, expansive, and towering height, clearly indicating a harmonious 
development of the whole brain, and a special fulness in the intellectual and moral 


regions. 
rom the skulls he proceeded to the com arison of the brains themselves, and 
stated what were the views and convictions of his own mind, viz., that the anterior 
lobes are the seat of the intellectual, the middle of the personal or individual, and 
the ior of the social and affectional activities or attributes of the human mind. 
e remarked, that as the anterior lobes of the brain are the seat of the intellectual 
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activities of the mind, fulness of development and complexity of structure are sure 
indications of elevation of type ; and that the converse, as Gratiolet, from extended 
observations has amply shown, is equally true, viz., that simplicity of structure and 
rfect symmetry of shape and arrangement in the convolutions on both sides af the 
bem heres, are indisputable marks of degradation of function. 
He looked forward to the microscopical examination of the ultimate structure of 
the grey matter of the brain in the typical races of man, as pregnant with the most 
interesting and instructive results. Already Dr. Beale and Mr. Lockhart Clarke 
had proved to demonstration that perceptible differences exist in the minute anatomy 
of the grey matter of the convolutions in the brain of man and that of the monkey 
and the highest anthropoid a Dr. Beale had succeeded in demonstrating the con- 
nexion between the nerve-cells and the very finest fibres in the grey matter of the 
convolutions ; and he maintains that the central cells of every nervous instrument 
form, with the peripheral nerve-cells and connecting nerve-fibres, sus ers 
cuits; and that all nerve-cells are connected with, or give origin to, at least two 
fibres. Mr. Lockhart Clarke had shown that certain structural differences are seen 
the grey matter of the convolutions of the anterior, middle, and posterior lobes. 

e concluded by adverting to the historical bearings of his subject—to the evi- 
dence which is presented by history of the conversion, in time, of one type of hu- 
manity into that of another, under the influence of outward circumstances, social 
states, and intellectual culture. As illustrative instances, he adduced the case of 
the transplanted Negroes in America and the West Indies; amongst the Asiatic or 
Mongolian races, the Turks of Europe and the Magyars of H 'y, and amongst 
ourselves, as instances of degradation, the Irish of Leitrim and Sligo, and the vaga- 
bond nomades who infest our large cities and towns. 

In proof of cranial alterations for the better, from the influence of improved 8- 
cial conditions and higher intellectual activities, he directed attention to some casts 
exhibited, taken at different periods from the same individuals. In each case the 
interval was not a period of leisure, but of great mental activity; and the result 
in each was seen in the decided enlargement and development of the anterior pat 
of the forehead. 


On the Worked Flints of Pressigny le Grand. By J. Evans, F.RS. 


Preesigny le Grand is a small town situated on the river Claise, about thirty 
miles to the south of Tours. The peculiar worked flints which the author had 
found there in January last, in company with the late Mr. Christy and Messrs 
Brouillet and Lartet, were discovered in a soil of red loam overlying bryotci 
chalk, and from their resemblance to pounds of butter, have received from the pea- 
eants the name of lévres-de-beurre. Their form has been given by striking 8 suc 
cession of flakes from the sides of a mass of flint until a boat-like contour has beet 
obtained. Looking at a number of them arranged together, the eye is struck by 
their great similarity of form; and the regular and neat manner in which thet 
edges are chipped would at first sight lead to a presumption that they were intendel 
for implements, such as ploughshares, or some find of large and heavy axes. Thow 
persons, however, who have paid most attention to the subject have come to the 
conclusion that they are not implements at all, but rather the nuclet or cores from 
which long flakee or knives have been removed, and which have then been thrown 
away as having served their purpose. The supposition of Messrs. Robert and Elie 
de Beaumont, that they are the refuse arising from the manufacture upon the spot 
of flints for fire-arms, was believed to be untenable, on account of their utter disi- 
milarity to the cores known to be the result of gun-fliint manufactories. It seems 
more probable that there must have been in prehistoric times a settlement on the 

t, of men who manufactured long knives from these flinta, and afterwards bartered 

em away, than that they were worked by various tribes who visited the spot as 02 

abounding in the raw material for their cutlery. 


Language and Ethnology. 
By the Rev. Freprric W. Farran, M.A., F.E.S., 


Jt was the object of this paper to establish the conclusion that all inference! 
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which could at present be drawn with safety from the admitted facts of philology, 
tend strongly to favour a belief in the primitive diversity of languages, and there- 
fore of human races. After noting the utter failure of all attempts to discover a 
primeval from which others had been derived, the author argued that all 
on which we could at present insist, was the unity of the Semitic and Aryan families 
of age, and of one or two comparatively small sporadic groups. He denied 
that the unity of the so-called Turanian family was in any way established, and 
endeavoured to show that the name iteelf was misleading and chimerical, | and that 

e ents in favour of the original unity of these lan were shadowy and 
inconclusive. But even if the exittence of 7 netic copnaxion. between the mem- 
bers of this wide group were admitted, the author urged that there was no possibility 
of deriving the number of these different families of language, either from one 
another or from any one common source. The radical and fundamental differences 
of conception which mark the Aryan and Semitic grammatical systems, were such as 
marked them as the intellectual product of two wholly distinct races, and there 
was no conceivable theory, even if a vast series of years were postulated, which 
would account for the derivation of the one from the other ; and each of these systems 
was separated from Chinese by a still broader and deeper chasm, a chasm which 
could not be bridged over by any legitimate deduction from the known history and 
indisputable facts of the growth and decay of languages throughout the world. 
Hence it was concluded that the languages, no less than the flora and fauna of va- 
rious nations, originated in different geographical centres. 


On the Exploration of the Holy Land, as proposed by the Palestine 
Exploration Fund. By Groner Grove, Hon. See. 
The author said, notwithstanding the numerous books of travel that had been 


published respecting Palestine, we were still in great ignorance with regard to much 
that concerned the life of the exiating people. No work on that country had been 


written similar to that of Mr. Lane on the Modern Egyptians. It had been said with - 


truth that if the Lower Nile valley and its inhabitants were swept away, we should 
still have preserved to us a complete picture of the nations which have peopled it, in 
this exhaustive work. Now, what had been done for Egypt it behoved us to endea- 
vour to do for the Holy Land. "We knew nothing of the treasures of ancient t 
until they were commenced to be dug up by Belzoni. The explorations of Sir Hen 
Rawlinson and Mr. Layard had, in the same manner, disclosed the remains and ted 
to much of our knowledge respecting the great nations which peopled the plains of 
the Euphrates and Tigris. The same still remained to be done in Palestine. There 
must be a vast amount of treasures in arms, coins, weapons, and utensils, still buried 
in the soil, which would throw great light on the domestic life of the Jews. The 
soil of Palestine was virgin; not a spade had yet been put into the mounds of ruins 
which existed in that country. ere were great difficulties to be surmounted 
in the way of carrying out these explorations, the chief one being the difficulty 
which had hitherto existed of travellers being able to remain long enough in 
the country. Besides, it waa in the unfrequented districts that the Exploration 
Society was most desirous of penetrating, and in these places travellers especially 
qualified, and having the means of remaining long, are required to pursue continued 
investigations. One most cogent reason for undertaking the exploration was fur- 
nished by the fact, that the ancient traces were fast passing away, and the native 
customs of the people disappearing before the advance of Western civilization. 
There was a curious orgy, probably very similar to those formerly practised by the 

riesta of Baal, which had almost fallen into disuse, and such customs as this, if now 
investigated, would tend to throw great light on the customs of the people. Much 
also still remained to be done in the geogra hy of the land. As an instance of the 
confusion which still exists in the orthography of places, he would mention the fact 
of a place being named in one map Embarreg, and in another Mubughghtk. The 
sites of many of the most celebrated places in Holy Writ were yet matters of uncer- 
tainty. In short, it was a systematic, leisurely, and thorough investigation of the 
Holy Land which the Society proposed to themselves to undertake. 


A 
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On the Comparative Anthropology of England and Wales. 
By D. Macxurtosu, F.G.S. 

The author begins by referring to a paper read by him before the Ethnological 
Society of London in 1861, and published in their ee Transactions.’ Since then he 
has had many opportunities of confirming and adding to the theories and facts ece- 
tained in that paper, He believes that in most parts of England the masses of the 

pulation seldom shift their localities, and that internal migrations are general 

imited to the middle and more affluent classes. The fact that different dialects still 
linger in different parts of England is a proof that the inhabitants have not becom 
Bo interblended as to destro typical distinctions, or render classification imposebk. 
During many years the author has succeeded in tracing a difference in type or race 
in various parts of England and Wales; and he believes that this difference is x‘ 
the result of accident, but exists through hereditary descent. It may have orig- 
nated in ancient “ family variations” in certain districts of Europe which have 
acquired a persistent character, and which in some cases have become so harden 
as to resist amalgamation. In North Wales the author has been able to reduce th 
rincipal differences observable in the physical characteristics of the inhabitants 
i types, one of which, for historical reasons, he provisionally calls Cymriaa :— 
skull rather narrow and elongated ; hair brown, frequently very dark; eyes sunk 
and il) defined ; sudden sinking in under the cheek-bones ; face long, and nose mr 
or less prominent. The other he calls British :—skull approximately square ; face 
rather Hat, the upper part broad, and the lower angular ; eyes sunk, an 
half-closed; chest and shoulders very broad. The first type predominates in Nort 
Wales; and there the second is common, though much more prevalent in South 
Wales, where it coexists with a very well-marked , to which the author give 
the name Gaelic, as it is to be found not only in Wales, but among the lowe 
in France, the south-west of England, the Highlands of Scotland, and tk 
west of Ireland :—skull elongated backwards ; forehead retreating, with the lowe 
art of the face projecting; nose more or less concave, with a great distance fren 
the nose to the mouth. e British and Gaelic types coexist with the Saxon m 
the south-west of England, but the latter is most prevalent in Sussex, some pars 
of Hampshire and Berkshire :—askull intermediate between square and round, 
slightly elongated, and small in the occipital region ; light brown hair and promi- 
nent blue eyes; low cheek-bones, broad, smooth, and round face; features excee- 
sively regular. The author believes there is a tall and convex-profiled type in th 
eastern part of the Isle of Wight and in central Kent, to which he applies the tern 
Jutian. He describes a type intermediate between Jutian and Saxon, and think 
it may possibly be Frisian. In the Midland Counties, and throughout a zen 
running northwards through the West Riding of Yorkshire into Durham, there is 
an oxtensively-prevailing type, with lateral variations, which he supposes must 
have settled in England under the name of Angles. The complexion is very fair. 
and in many respects this type resembles the Saxon, though the features are rather 
sharper, and the figure not nearly so rotundiform. In Cumberland, and otha 
districts shown by Worsaae to be inhabited by descendants of Norsemen, th 
author has not been able to make out a very distinct predominating type. He hu 
no hesitation in asserting the existence of a strikingly marked and strongly per 
sistent Danish type in districts where Danes must have settled ing to history. 
especially Lincolnshire :—skull rather narrow, elongated, and elevated s 
with projecting occipital region; hair and complexion more or less ruddy ; high 
nose and prominent cheek-bones; long or rather long face, tall frame, and swinging 
it. The author describes the mental peculiarities of the different types; speaks 
more favourably of the North Welsh than most writers, especially as regards ther 
frugality, industry, temperance, social order, &c. The Danes are sanguine, ambi- 
tious, and energetic, with great aptitude for progression in the active affairs of life, 
but deficient in cogitation. Saxons are characterized by extreme moderation 
companying individuality, and an equal absence of great defects and extraordinary 
talents. Gaels are quick in perception, deficient in foresight, excitable, and stron 
in attachment. The author concludes by stating that he has intentionally } 
details relating to anatomical structure and complexion out of consideration, as Dr. 
Barnard Davis and Dr. Beddoe have taken up theee departments, and will soon be 
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able to connect them with the evidence of distinct furnished by physiognomy 
and mental characteristics. As we may learn from the history of geology, it will be 
only after the results of distinct lines of investigation have been grouped and gene-~ 
ralized, that we can succeed in establishing fundamental principles on which the 
superstructure of comparative anthropology can be safely erected. 


On North Polar Exploration. By C. R. Manrxunam, F.R.G.S. 


The was & recapitulation of the anguments which the author and Captain 
She sborn had urged before the Royal Geographical Society, during the last 
Session, in favour of an expedition to investigate the unknown region around the 
North Pole. The introduction of the subject to the Section was thought appro- 

riate, as the governing body of the British Association was about to nominate a 

pecial Committee for the purpose of representing to Her Majesty’s Government 
the advantages to various branches of science which would accrue from such an 
expedition. Ofthe two routes towards the Pole which had been proposed, namely, 
those of Smith Sound and Spitzbergen, the author gave a decided preference to 
the former. He contended that it was impossible to reach the Pole or perform 
much scientific work by 8 sea voyage like that proposed vid Spitzbergen, and Sir L. 
M°‘Clintock agreed with him in the opinion that the only way of accomplishing 
these objects was b sledgi parties from Smith Sound. An additional reason 
for the preference of Smi ‘Sound by an English expedition is now supplied by the 
circumstance of the Germans having recently commenced, at the invitation of Dr. 
Petermann, the organization of a North Polar expedition to go by the Spitzbergen 
route. A pioneer vessel started a few days ago, and although it had broken down 
shortly after leaving Hamburg, there was little doubt that the attempt would be 
renewed next year. The route rid Spitzbergen was therefore preoccupied; and 
we ought to concentrate our energies on the only alternative route, namely, that 
of Smith Sound. 


Results of Surveys relating to the Water Supply of Jerusalem. 
By Capt. T. MeNer and Capt. Wiison, 2.E. 


This was an elaborate Report to the Syrian Improvement Committee, by the en- 
gineers employed, of their surveys in the neighbourhood of Jerusalem, with a view 
to improve the water supply of the city, and was introduced, with additional re- 
marka, by Dr. T. Hodgkin. The survey was undertaken in the autumn of 1864. 
The question of the water supply of Jerusalem had been, from an early period, of 
much interest, the more so on account of the natural difficulties which attended the 
subject. Looking at the remains of ancient works, there is nothing to indicate that 
Jerusalem ever had a large supply of water brought from a distance. The fact of 
the skill shown in procuring and conveying the small quantity of water by the con- 
duits to the town, and in the construction of reservoirs for catching the surface 
water, shows that this necessary element must always have been scarce. The chief 
supply must have consisted of rain-water collected within the town and stored in 
tanks, as in the present day. Jerusalem is about 2700 feet above the Mediterranean, 
and 4000 above the Dead Sea, and is placed pretty nearly on the crest of the hills 
which define the watershed of the country. The road from Jerusalem to Bethlehem 
on the south, and to Bireh on the north, roughly marks this line. The road to 
Bireh rises from Jerusalem, Bireh being about 800 feet above the city. Thecoun- 

north of Bireh maintains its elevation for some distance; but here, as in nearly 

cases, the country is cut up by valleys, which form a very peculiar feature, in- 
fluencing not only the landscape but the water question. e district around 
Jerusalem consists principally of the steep sides of valleys which twist and encircle 
each other, their general direction being towards the Mediterranean on the west, 
and the Dead Sea on the east. The valleys are deep, the sides rocky and bare of 
soil, which appears to have been carried to the valley-bottoms by the winter rains, 
and the soil rba the rain, instead of allowing it to run over the surface. The 
cause of the present sterility of the district is the destruction, by neglect, of the ar- 
tificial terraces which probably existed formerly, and which, by the soil 
on the steep slopes, led to the ancient fertility of the country. The entire absence 
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of streams of water in the valleys leads to the belief that there exist subterrancan 
water-courses. The Brook Kedron is crossed by an arch 9 feet wide. In some 
years no water at all flows under the arch. After three or four days’ rain it will 
run on the surface for a few hours 2} or 3 feet deep, but ceases to flow in one or 
two hours after the rain abates; if, however, heavy rain continues with little inter- 
ruption for ten days, the stream will flow on for two or three days after the rain 
has stopped. The depth of the soil in the valley-bottoms is Fro bly very great; 
in the valley of Urtas it was found to be more than 20 feet. e valleys are con- 
uently very ill adapted for reservoirs of water, although the rain-fall is amp! 

suficien e nearest approach to a good site is the Wady-el-Byar, on the roel 
between Jerusalem and Hebron. The authors found no trace of ancient irrigation 
works ; the Pools of Solomon would only water 65 acres for six months in the 

at the moderate depth of 2 feet, spread over the area watered. Near Nabliis, and 
at other distant places, there are large streams of perennial water flowing out of the 
rock; these might (at a very considerable cost) be carried round the slopes of the 
hills and conveyed from valley to valley for irrigation purposes. The ancient reser- 
voirs for rain-water, of which there are many, are in & ruinous state, except the 
upper Pool of Gihon and Hezekiah’s Pool. The former is 315 feet long, feet 
wide, and 20 feet deep, and holds about 8,000,000 gallons, which, allowing 2,000,000 
for evaporation, gives 6,000,000 as the annual available supply of the pool. Heze- 
kiah’s Pool holds about 4,000,000 gallons. Careful measurements and details of 
construction of the various reservoirs are given by the authors, with suggestions for 
their repair; their total capacity would then be 44,147,000 gallons. Deduction 
would, however, have to be made for evaporation, which, calculating the probable 
amount of annual evaporation in this dry climate, with its mean temperature of 
62°-6 at 60 inches, would be 8,881,562 gallons. In the temperate zone, with a mean 
temperature of 52}°, the annual evaporation has been found to be between 36 and 
87 inches. On the coast of South America (north latitude 10° 30"), with a mean 
temperature of 81°-86, it was ascertained to be more than 100 inches annually. 


M'Intryre’s Journey across Australia, and Discovery of Traces of Leichhardt. 
By Dr. F. Muevxer (Melbourne). 


Mr. Duncan M‘Intyre and Mr. Barnett, with a party of three natives and twenty- 
five horses, started on the 21st of June, 1864, from the cattle stations on the River 
Paroo, to explore the country for cattle-runs and dray-routes, shaping their course 
towards the new settlement in Northern Australia. ey reached Cooper's Creek 
after a march of twenty-two days, crossing the creek about 50 miles below the 
junction of the Thompson. Excellent country was found to the westward of 
the Paroo, but no permanent water. From Cooper's Creek they continued until 
Burk’s track was crossed, and so far no difficulty in conveying stock was met with. 
The course was then changed for the head waters of the Albert River. The Flin- 
ders was struck on the 18th of August, a little south of Donor’s Hills, and the river 
followed from that point to the sea; the journey from Cooper 2 Creek to the sea 
having occupied thirty-four days, being a little more than half the time taken by 
either Burke or MtKinlay. The country to the north-west of the point where 
Cooper’s Creek was crossed was very indifferent for a day or two, and waterless. 
It gradually got better on reaching a water-system in which four new rivers were 
found, the first of which was named by Mr. M‘Intyre the Docker. It then improved 
daily, and splendid sheep country was crossed in that part where the Stony 

of Sturt is laid down. e ground in places was, however, covered with fragments 
of stones, and in some Places “paved,” as described by Sturt, for a few miles. On 
the whole, it was found to be a good grazing country, and particularly well adapted 
for sheep. _A hundred miles or so to the south of the tropic, the country assumes 
a high, undulating character, with beautiful smooth downs; and it continued 
magnificent the whole way from this to the coast ran From the Gulf of 
Carpentaria to the banks of the Darling an excellent road might easily be made, 

along which a buggy could be driven without meeting with a single impediment. 

The Flin ders River district is now peopled by squatters down to within about 280 

miles of the Gulf. The party did not take with them an ounce of meat, but carried 
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plenty of ammunition, relying on game for food. Bush turkeys were seen every- 
where, but were especially numerous in the neighbourhood of the Gulf. Pigeons, too 
were found in thousands ; altogether they fared well on the game shot by them, and 
had no reason to regret not having brought a supply of meat. Fish also were caught 
in large numbers in all the creeks, the party frequently taking more than could be 
eaten. The supposed traces of Leichhardt, discov by Mr. M°Intyre, consist of 
two trees, near the bank of the Flinders, marked each with a single L cut evidently 
by a skilled hand, and two old strayed horses with illegible brands on both of them. 
It is contended by Dr. Mueller (one of the former companions of Leichhardt) and 
others in Melbourne, who are now taking an active part in organizing a new expe- 
dition to search for further traces of Leichhardt, that the marked trees denote 
undoubtedly a Leichhardtian camp. They are situate on the western side of the 
main east branch of Flinders River, in latitude 20° S. The bark has encroached 
to the extent of four or five inches on the incision of the letters, showing a much 

ter age than that of Landsborough’s camps, who Also travelled in this direction. 
The last communication from Dr. Mueller announces the successful progress of his 
scheme for a new expedition. <A “ Ladies’ Committee ” has been organized and a 
vigorous attempt made to raise £3000 by subscription. It is hoped that some 
member of Leichhardt’s lost expedition may be found still living in the far interior, 
notwithstanding that seventeen years have elapsed. Under any circumstances it is 
contended that the “ Ladies’ Expedition” will be likely to accomplish what 
Leichhardt intended, namely, to open up the unknown great western half of the 
continent, 


Arctic Exploration. By Rear-Admiral E. Omaanney, F.R.A.S. 

There are before the public two propositions for proceeding to the North Pole; 
the one making Smith’s Sound the base of operations, the intention being to leave 
the ships in a secure position, from whence it is proposed to reach the Pole by tra- 
velling over the ice with sled , making a sledge journey of it, on the supposition 
that land will be found extending itself towards the Pole from Smith’sSound. The 
other is from Dr. Petermann, who advocates in two very able and well-digested 

pers, the course of penetrating into the icy seas between Spitzbergen and Nova 
Yerabla, on the theory that a warm current flows from the coast of Norway in that 
direction into the Polar Sea, extending itself to the vicinity of the Pole, and that 
the influence of this warm current of water is operative in raising the temperature 
of the sea, thus rendered free from ice obstructions, and available for navigation 
contiguous to the Pole. The chief obstacle to surmount, he considers to lie in the 
outer ier of floes and packed ice, forming a moveable band of about five degrees of 
latitude in extent; so that after pushing the ships through this barrier, they would 
enter a sea easy of navigation, extending to the highest latitude, no doubt to the 
Pole itself. Certainly, on looking at the globe, where can we find a more favour- 
able point to enter the Polar Sea? We have in the Spitzbergen seas the largest 
and widest openings from the North Atlantic Oceans; the Spitzbergen Islands have 
been circumnavigated, and their western shores are stated to be clear of ice in the 
summer. Qn glancing at the chart, it will be observed that the Polar region to be 
explored is that vacancy contained within the circle of the 80° parallel ; but it is 
necessary to state that up to the present time no attempt has been made to reach 
the Pole with suitable vessels armed with proper instructions; for hitherto in all 
the voyages to these regions the seas were abandoned by order at the very best 
season for making an advance to the Pole. 

The author also called to notice the fact that we have made but one attempt in 
this country to reach the North Pole, viz., that of P. in 1827; all the other 
expeditions have been undertaken with a view to make N.W. and N.E. passages 
to India and China. 

Of the two routes now under discussion the majority of Arctic officers are in favour 
of making the attempt by the Spitzbergen seas. Certainly these seas offer the 
shortest route from Great Britain to the Pole. There are so many advantages to 
be advanced in behalf of making Spitzbergen the base of operations, that the author 
is induced to give that rovte his strongest recommendation in preference to pro- 
ceeding vid Baffin’s Bay, and for the following reasons :— 
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Ist. The Spitzbergen seas are more free from ice than any other pert of the 
Arctic seas. 


2ndly. The Western shores are clear of ice in summer, affording an open navi- 
gation between a depét fixed at Spitsbergen and England. 
Srdly. It affords reasonable hopes for effecting the search of the Polar region in 


one season. 

4thly. There are food harbours in Spitsbergen; the climate is more tem- 

rate than that of Smith’s Sound; animal life is more abundant; driftwood far 

el is found on its shores. 

Hitherto no proper effort by a suitable vessel has been made to reach the Pole ; 
we never sent an expedition in that direction provided with the means of wintering 
and exploring at the proper season, consequently the Spitebergen seas were aban- 
doned at the most favourable season for exploration. 

The author made a few observations as regards the adoption of Smith’s Sound 
aa 8 starting-point for making’a sledge expedition to the Pole: it a to him 
to be one of the most dangerous places in the Arctic Sea. And as he holds to the 
belief that we can approach the Pole by ships ud Spitzbergen for reasons before 
adduced, viz., that spaces of water will be found, this state of things would render 
it impracticable to make exploration by aledges from Smith’s Soun 

He further added that the information to be sought for in making observations 
respecting the condition and phenomenon of the globe at its axis, will be the more 
valuable, according to the duration of time available for scientific research. He 
compared the advantages which would result from the visit of a ship to the Pole, 
with those afforded by small sledge party. 

Regarding the speculation whether land will be found about the Pole, all the 
observations and facts before us tend to show that there can be no land of any ex- 
tent ; for at Parry’s farthest north 823° N., he sounded the sea to 600 fathoma, bet 
found no bottom. The large icebergs produced from the glaciers in Greenland are not 
seen north of Spitzbergen. We hear of no earthy débris, stones, or boulders bemg 
obeerved by the SPitzbergen voyagers lying on the ice-floes or fields. By the 
comparatively mild or modified severity of the Arctic climate at Spitebergen 80° N., 
the isothermal curve of temperature, corresponding with that of South Greenland 
and Hudson’s Bay, shows almost conclusively that there can be no extent of land 
near the Pole capable of bearing glaciers. 

Should circumstances involve the necessity of spending a winter at Spitsbergen, 
either in Fair Haven or Hecla Cove, we can find perfect security for a ship, with 
an ample field of useful occupation for both officers and crew, in making o 
tions and gathering information for scientific purposes, from the high latitude of 
80° N. Asthe spring advanced, the pursuit of game would be a source of amuse- 
ment and health. 

That the North Pole may be reached by sea is the opinion entertained by many 

erienced Arctic navigators and eminent men of the past and present day, among 
whom are Parry, Beecher, Ross, Belcher; and General Sabine, one of the sur- 
vivors of our discoverers in those seas, strongly advocates the attempt. 


On the Seychelle Islands. By Lieut.-Col. Lywrm Pxtty. 
Shores of the Persian Gulf. By Lieut.-Col. L. Pexty. 


Notes on Arabia. By Lieut.-Col, L, Pzury. 


In this paper the author communicated some further details regarding Arabia, in 
addition to those he had already made public in the ‘ of the Royal 
Geographical Society.’ The most interesting related to the Selabah, Seleb, or 
Selaib tribe, who inhabit portions of the interior. On certain festivals, particularly 
on occasions of marriage and circumcision, they fix a wooden cross, dressed in red 
cloth, and adorned at the top with feathers, at the door of the person married of 
circumcised. At this signal the people collect together, and dance round the cross. 
The word Saleb means a cross; but some of the caste derive their name from Ee 
solb-el- Arab, i.e. from the back of the Arabs, meaning that they are the pure de- 


TRANSACTIONS OF THE SECTIONS. 127 


scendants of the aboriginal Arabs. The Mohammedans, on the other hand, stig- 
matize them as outcasts. Those of the tribe who have immigrated into Nejed and 
other Mohammedan settlements, conform outwardly to the religious rites of the 
dominant creed; but in their own tents, and when alone, they do not conform. 
No intermarriage takes place between the Selaib and the Arabs. The Selaib are 
capital sportsmen; they live largely on venison, and wear a long shirt, coming 
down to the feet, of deerskin. But their ordinary diet is locusts and dates. They 
wander for pasturage for their sheep and camels during eight months in the year. 
They profess to reverence Mecca, but state that their own proper place of pilgri- 
mage 18 Haran in Irak or Mesopotamia. It is said aleo that their principal people 
have psalms and other books written in Chaldsean or Assyrian. ey worshi the 
Pole-star, which they call Jah, as the one immoveable point which directs all tra- 
vellers by sea or land. They reverence also a star in the constellation called Jedy, 
corresponding with Aries. In adoring either of these heavenly bodies, the Selaib 
stands with his face towards it, and stretches out his arms so as to represent a cross 
with his own body. They believe in one God, and pray three times a day—at 
sunrise, at the declension from the meridian, and at sunset. They are peaceful, and 
markedly hospitable, like all people who have nothing to give. The Selaib them- 
selves assert that they are a tribe of Sabseans who emigrated to Nejed. The author 
stated that the Imaum of Nejed, who had received his mission so favourably, had 
been assassinated soon after his departure from Arabia. 


On the Comoro Islands. By Lieut.-Col. L. Party. 

The Comoros are a group of four islands lying between the northern extremity 
M and the East African coast. e most northerly is Comoro proper, 
an island about thirty miles in length, with an average breadth of about ten miles 
Nearest to this, and a little further south, is Mohilla, the smallest of the four. Jo- 
hanna, lying south-east of Mohilla, and distant from it some thirty miles, is the 
second in respect of extent; and Mayotte, thirty miles south-east of Johanna, is 
third. In the year 1841 the French established themselves on the little island of 
Zaondzi, near Mayotte, gaining their position by espousing the cause of one of the 
contending chiefs, on the condition of his ceding Zaondzi to them. It is now forti- 
fied and furnished with an arsenal, and it was at one time planned to make Ma- 
otte a military and naval position of the first class; but the plans seem to have 

been discarded since the revolution of 1848. Mayotte has reef-locked anch 
extending over a length of more than thirty miles; communication is kept up with 
Bourbon by means of a small steam schooner of war, and Col. Pelly found some 
thousand tons of coal, besides patent fuel, stored at Zaondzi. The staple product of 
Mayotte is sugar; if well cultivated the island might export from 15,000 to 20,000 
tons per annum; but there is a great scarcity of labour. The population is stated 
to number about 7000 souls. e island of Johanna is a sultanat, without any di- 
rect relation with the other islands, the present chief being named Abdullah, the 
descendant of a family which has ruled the island for the last century. Johanna 
contains a population of 12,000, including aborigines, half-castes, slaves, and 
foreigners, A lingua franca, called the Johanna language, is current, but Kisuahili 
is also spoken. The Arabic character is used in writing, no matter what the lan- 
guage may be, even if English. The people profess the Mohammedan religion, and 
are apparently quite free from the vice of drunkenness. The climate is salubrious, 
sea breezes and frequent showers tempering the heat. The soil is composed of the 
detritus of volcanic rocks and humus. Coffee thrives excellently, and will probably 
form ultimately the staple roduct of the island. The trade of Johanna is at pre- 
sent not large, the total value of the past year’s (1860) imports being about £400, 
and it is carried on chiefly with Zanzibar and the French settlements at Mayotte 
and Madagascar. Mohilla is governed by a queen related to the royal family of 
Madagascar. The island has a population of about 4000 souls. all the Co- 
moro group Comoro proper is the most remarkable for the magnificence and wild- 
ness of its scenery. From its surface rises an active volcano, 8000 feet in height, 
which frequently vomits forth streams of lava, which flood its flanks and form new 
romontories and islands in the surrounding ocean. When the English consul, Mr. 
Eunley, visited the island after an absence of four years, he founda lava reef three- 
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quarters of a mile in length jutting out near his old landing- , and perpl 
his topography. The principal town is Maroni, but the island is partitioned among 
many chieftain 8,. who are jealous of their land and water holdings. 


Ethnology of the Hindii-Chinese Nations. By Col. Payne. 


Notes on the Russian Frontiers in Central Asia, 
By Sir H. C. Rawtrnson, MP., FBS. 


The author commenced by stating that the present boundaries of Ruasia in Cen- 
tral Asia were delineated with accuracy on the maps of Asia published by Mean 
Stanford and by Prof. Kiepert, of Berlin. He then gave a brief narrative of the 
successive encroachments of Russia in this direction. Formerly the frontier ex- 
tended from the northern shores of the Caspian, by a long bend to the north, to the 
northern frontier of Chinese Tartary. Along this border was formed the Orenburg 
and Siberian line of outposts, and south of it, extending to the Khanate of Khiva, 
Bokhara, and Khokand, dwelt the numerous hordes of irghises on their steppe: 
In 1847 the Russians constructed here three forts to strengthen their hold on the 
region. The Kirghis steppe is traversed only by a few roads, the most im t 
of which runs from Orsk, north of the Aral Sea, to the Jaxartes. With the ex- 
ception of one part of it, over the Karakum sands, this route is well supplied with 
pasture, and the whole is traversable by wheeled carriages. By recent encroach- 
Menta the Russian frontier is now extended to the J axartes; but the line as it at 
present stands is rather difficult to trace—at least that part of it which extends from 

ort Perofski, on the Jaxartes, to the river Talas, including the new acquisitions of 
Turkestan, Chemkend and Tashkand, and even Russian officers do not know its 
exact course in its further continuation to the south of the Lake Issy-Kul. Their 
efforts have been directed to the connexion of the Issy-Kul line of forts with those 
of the Jaxartes, the result of which will be the absorption of the whole Khokand 
territory on the left bank of the Jaxartes. The advance of the Russians in this 
direction has been attended with great benefits to science and civilization ; bat 
although the fear of Russian invasion may be a chimera, it behoves us to consider 
what will be the political effect upon our own empire in India when there shall 
thus be a powerful Russo-Asiatic neighbour on its northern borders. Whilst the 
Russians have been advancing a distance of 1000 miles from north to south, our 
Indian empire has extended 1000 miles from south to north. The actual distance 
of our political frontier (the frontier of Thibet, a country under our influence) from 


the nearest point in Russian territory is now between 400 and 500 miles, is, 
from Karakorum to the Thian Chan range; but our real frontier at Peshawur is 
above 1000 miles distant, according to the most recent itineraries of our ts 


who have traversed the intervening space. The most recent advance of Russia in 
Khokand has provoked the hostility of the neighbouring Khan of Bokhara, and it 
is within the bounds of probability that the forces of Russia and Bokhara are now 
in collision, 


On a Recent Survey of the Chain of Mont Blanc. 
By A. Anams-Remty, B.A. 


The author described the imperfect state of our knowledge with regard to the 
topography of the Mont Blanc range, and the motives that had induced him to 
construct, on his own surveys, ’an elaborate map, 8 | sketch of which was 
exhibited. The errors in the delineation of this and of other mountain-chains 
arose from the fact that they usually form the boundaries of countries, and the 
Government surveyors of each do not cooperate with each other, but their 
work simply to the watershed of the ridges. It thus frequently happens the 
surveys of the two sides of a ridge are found, when compared, to contradict each 
other. Before the visit of Windham and Pocock, 1741, the valleys of Mont Blanc 
were unknown to the world, and the glaciers of the range were so erroneously 
delineated up to the year 1842, when Prof. J. Forbes commenced his observations 
on the Mer de Glace, that he found himself obliged to make an entirely new survey 
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of that glacier and its tributaries. This was the only portion of the chain accurately 
laid down when the Mont Blanc sheet of the Swiss Federal Survey came out in 
1861, which, as the Swiss surveyors only gave, from their own work, the small 
portion lying within Swiss territory, filling in the rest from the Sardinian Survey, 
was found to be untrue to nature. The author commenced his surveys in 1863. 
The glacier system of Mont Blanc may be roughly said to be divided into three 
parts by two large clefts; that on the west being formed by the north and south 
laciers of Miage, and that on the east by the glaciers of Argentiére and Mont 
lent. In each case the two glacier-valleys advance from opposite sides deep into 
the heart of the chain, and their up er heads are only separated by rocky walls 
scarcely half a mile in thickness. e centre of the chain is occupied by an im- 
mense glacier-basin, which again is subdivided into three glaciers having but one 
common outlet, the Mer de Glace. From the point where it makes an abrupt turn 
to the north to return again on the other side of the Glacier de Miage, the back- 
bone of the chain runs pretty nearly from south-west to north-west. At several 
spots, as, for instance, the Aiguille du Glacier, Aiguille Verte, and Mont Dolent, a 
number of ridges radiate towards the same point, culminating in a magnificent peak, 
and at others the main ridge thickens into an enormous mountain mass, like the 
Grandes Jorasses. The Swiss surveyors, in carrying their triangulation up to the 
eastern side of one of the ridges on the Sardinian frontier, which had been triangu- 
lated by the Sardinians on the western side, mistook the position, and inserted it on 
their map as a separate mountain-chain. In order to correct this it was necessary 
to fnnihilate four square miles of glacier, and to pull together into one, two moun- 
tains which had previously stood a mile and a apart on the maps. 
On the Flints of Pressigny le Grand. 
By Professor Srernsrnvr and Sir J. Luspocx, Bart., F.R.S., Pres. Ent. Soc. 


The authors related that the discovery of these flints was due to Dr. Leveillé, 
‘who had been induced, by the interest which the general subject had excited, to 
search for flint weapons in his neighbourhood. He was so fortunate as to find them 
in astonishing abundance, and the neighbourhood of Pressigny was evidently the site 
of several manufactories, as the distribution of the worked flints is very local. In 
one case they were found in abundance on one side ofa little valley, while on the 
other side not one was to be seen. The “Wures-de-beurre” and their chippings, at 
the manufactory of La Claisiére, at least, were found to extend not more than 18 
inches below the surface, and among them numerous fragments of charcoal were 
discovered. The authors took pains to set at rest all doubts regarding their being 
the refuse of a gun-flint manufactory. Gun-flints were first adapted to the musketa 
used by the French army in the year 1700, and they proved the much ter an- 
tiquity of the flint implements by finding several on excavating under the roots of 
an oak-tree, ascertained to be at least 400 or 500 years old. With regard to the age 
of the flints, the authors thought that there were not, as yet, any actual proof that 
the kvres-de-beurre belonged to the age of the extinct mammailia, although other 
and probably older worked flints are found in the neighbourhood, which closely 
resemble those of the Palgolithic period. 


Notes on the Aborigines of Formosa. 
By RB. Swuvnor, H.M.’s Consul, Formosa. 

The approach to the Kalee savages, who inhabit a mountainous district in the 
southern part of the island of Formosa, is now comparatively easy, owing to the estab- 
lishment, by the Roman Catholic Padre Fernando Sainz, of a small church and resi- 
dence in a village of half-castes at the foot of the mountains, where he numbers some 
forty converts. The villagers to whom he preaches speak the Chinese dialect, with 
which he is acquainted, but he is now turning his attention to the Kalee . 
In the villages adjoining the Christian village of Bang-Kimsing, are chiefly 
Chinese from North Kwang-tung, who are almost always at war with the Kalees. 
It is only therefore at night that the Kalees can be induced to come down to visit 
the priest. Mr. Edwards, an enterprising photographer, visited the village in 
com ay with the author, and took the portraits of two groups of these savages. 
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The complexions of the women are brunette, of lighter or deaper shade. The wild 
Kalea women are naturally good-looking, and are eought after by the Chinese of 
the eastern side of the island for wives; but the priest said if was common for 
them, after gome years, to return to the wilds and pick up eavage lords. In 
consequence of these intermarriages, Kalee features and type are seen to prevail 
amongst the ordinary Chinese population throughout Formosa; giving to the 
Formosan Chinese almost ag distinct characteristics as a native of Amay compared 
with a Cantonese. Many faces among the male Kalees reminded the author of the 
T of Lugon. They wear turbans and loin-cloths of black material, and short 
jackets of yellow cloth. Their spear-handles are of bamboo, and their sword- 
scabbards painted red. The men are not tatooed, but the women are so acroes the 
hack of the hand in lines. There is little room for doubting that the Kalee tribe 
are of Tagal origin; but there are other tribes inhabiting the mountains of Formors 
of quite distinct race, the wildest of them being of dwarfed stature, and probably 
allied to the Negritos of the Andaman Islands; the author, however, ag yet 
not had an opportunity of seeing them. 


On the Negro-European Dialects of Surinam and Ouracgaso. By BE. B. Trxee. 
The original inal West African languages of the Negro slaves imported into America 
and the West Indies, have been almost totally replaced by broken-down dialects 
of the lan of their European masters. Two of these dialects, the Negro- 
English of Surinam and the Negro-Spanish of C o, were examined by Mr. 
Tylor, with the view of testing, by a set of facts, the whole history of which 
happens to be known to us, the use and value of philology as an aid to ethnology. 
The Spaniards were superseded as the dominant class in the island of Curacao 
the Dutch. The effect of this change has been, not to supersede a broken-down 
Spanish dialect by a Dutch one, but merely to introduce a number of Dutch words 
into the Ne language, which still preserves its Spanish character. Thus, too, 
the Negro-English of Surinam did not lose its English character by the cession of 
the colony to the Dutch, but merely took in a number of Dutch words, the cha- 
racter of the lan remaining English. Among the examples of the Surinam 
dialect, taken from the New Testament, translated by the Moravian missionaries, 
were the following :—“ Dem hiti netti na tnt watra; bikasi dem de fisiman,” “ Cast- 
ing & net into the sea, for they were fishers.” “ We tbriwan boen boom de mek 
boen vroektoe,” Even 80 eve od tree bringeth forth good fruit.” In this 
latter example, tbriwan is Eng ish “everyone,” and meks is “make,” but been, 
‘* good,” is Spanish bueno, while boom, ‘ tree,” and vroektoe “ fruit,” are Dutch. It 
would seem at first sight that the fact of a West African Negro population speaking 
ry Janguage which must be classed as English, is evidence that language ig not 
necessarily a proof of race at all. Mr. Tylor, however, called attention to the 
fact that, according to all experience, the descendants of the originally im 
Negroes must have become mixed with English blood; and the same with the 
Negroes who adopted the language of their Spanish masters in Curacao. He con- 
sidered the quaint and rude dialects into which English and Spamsh have been 


' reduced in the mouths of the Negro slaves as good illustrations of a principle of 


= 
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much moment in the classification of races by janguage, namely, that though two 
peoples speaking kindred languages may be widely different in their descent, and 
therefore in their race as a encle, yet their use of language derived from the 
same source is proof, at any rate, that men of the same race have been dominant 
arnong both peoples to a sufficient extent to impress their language upon them. 
And it is to be inferred from experience that such a state of things is always 
accompanied by the formation of a half-breed race, so that, at least to the extent of 
this minimum of mixture in blood, common language isa definite proof of common 


ancestry. 


On the Origin of the Hungarians. By M. Vawskry. 
The author said the Hungarians belonged to the Altaic race, but there were many 
subdivisions which differed essentially ; and it was important to know whether the 
Hungarians were of Finnish or of Turco-Tartar origin. To investigate such & ques- 
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tion there were three means—history, ethn hy, and philology. The Greek and 
Gothic historical monuments relating to the fint sppearance of the Hungarians in 
the West were insufficient, and did not help to decide the question, but ethnology 
did render more assistance. The author then referred to some striking likenesses 
between the customs of Ilungary and Tartary. Their greatest evidence they got 
from philology. In support of his view, the author quoted the analogy of gram- 
matical forms between the Hungarian and Turco-Tartar languages, and then pto= 
ceeded to make comparison in the lexicographical character of the languages. He 
thought both so strictly connected, that it was quite impossible to make the ety- 
mology of one without the other. There were many words of the earliest period of 
social state quite analogous, such as in the words tent, ox, hatchet, butter, cheese. 
The Hungarians were also connected with the ancient Persian civilization of Cen- 
tral Asia, which was proved by the many Persian words in her language. The an- 
cient religion and earliest social conditions of the Hungarians were borrowed from 
the Parsee. There were also, he urged, elements of Turco-Tartar origin in the 
ersian, 


On the Oity Life of Bokhara. By Dr. A. Vaunéry. 


On the true Assignation of the Bronze Weapons, &c., supposed to indicate a 
Bronze Age in Western and Northern Europe. By THomas Weieut, F.S.A. 


This paper was a criticism of the archsological views of geologists, especially 
those of Sir John Lubbock as propounded in his recent work on Prehistoric Archee- 
ology. The author gave his grounds of dissent from the division of early times 
into the three ages of stone, bronze, and iron, originated by Scandinavian authors, 
With regard to bronze, the corner-stone of this system of periods, the statement 
that “bronze weapons are never found associated with coins, pottery, or other relics 
of Roman origin,’ was believed by the author to be founded on an imperfect ac- 
quaintance with the archeological conditions of the problem to be solved. Bronze 
rwords have been found with Roman remains, and the most ornamental Scandi- 
navian bronze is simply a debased imitation of Roman Art. 


ECONOMIO SCIENCE AND STATISTICS. 
Address by The Right Hon, Lorn Stanzey, M.P., F.R.S., the President af the 


Section. 


Lapbi&s AND GENTLBMEN,—In opening this Scction, I need not trouble you with 
more than a few introductory remarks. It has been questioned how far such sub- 
jects ought to form part of the business of a strictly scientific association ; and I do 
not think the question unreasonable, for it must be admitted that, while our political 
economy itself? in its present atate, is rather a collection of practical maxima, sup- 
ported by reason and tested by experience, than a science in the same sense as 
astronomy or optics are entitled to that name, the topics to which the statistical 
method is applicable are infinitely yarious, and have little in common except this 
one characteristic—that in every case we appeal either to the numerical test of 
accuracy, to figures, or else to fixed and recognized rules, which are assumed to 


_ have the same kind of certainty as prevails in physical science. How far that 


assumption holds good in practice, must depend on the judgment both of those 
who read papers, and of those who comment upon them. Ihe truth is, in my 
opinion, our functions here are rather those of suggesting and stimulating, than of 
originating thought. Discussion, no doubt, we shall have, and in discussion new 
ideas are constantly generated, and new lights thrown upon previously unfamiliar 
topics ; but it is not in crowded meetings, it is not in debating speeches, that any 
profound and original investigation can be carried on. Meetings like ours answer 
two purposes, apart from that of social enjoyment; one js the diffusion not the 
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origination, but the diffusion—of ideas. Books and newspapers and reviews, nm 
doubt, are the main agents for doing that work. Still it 1s, I think, indisputable 
that, as seeing is proverbially more impressive than hearing, 80 what we hear 
orally delive es upon us a stronger impression than that which lies on 
prin on which our attention may or may not dwell. The other is tb: 
stimulus given to inquiry by the mere fact of investigations of this kind, or the 
result of them, being brought Brominently and conspicuously before the public. 
Men go home with their heads full of subjects on which they perhaps never thougit 
seriously before; and since, as I believe, nothing once known 1s ever really forgotten 
—since an idea which has once found lodgment in the mind, though its presence 
there may long have been barren, and though we ourselves may have been uncor- 
scious of it, will often spring up into life after a long in —it is difficult w 
determine what crop not grow, sooner or later, out of the seed thus cast about 
apparently at random. 
d now let me say a word as to the right application of the statistical method 

To use figures rightly, assuming that they are accurate in themselves, is not so 
easy & matter as it is apt to appear. There are various fallacies into which 
unpractised statisticians fall, one or two of which may be worth noting. One, perhaps 
the commonest, arises from the use of too narrow a basis forcalculation. To expres 
my meaning,—given a certain class of men, between certain ages, as soldiers, agri- 
cultural labourers, artisans, and the like, the te length of life among 10,000, 
or even among 1000 of them, will be practical 4 a fixed quantity, you can determin 
it beforehand. But the length of any single life is of course uncertain ; and if = 
few as 10, 20, or even 100 lives be taken, the element of chance, or what we cal 
chance, is not sufficiently excluded, and a single exceptional case affects the genersl 
result, Another error, less easy to detect, arises from not taking into account sll 
causes Which affect the result. Thus, supposing that the question is, the effect 

roduced by reduction of a tax in increasing consumption of the article taxed, it 
1s natural, but a very obvious mistake, to urge, “post hoc, ergo propter hoc,”’ to 
of that augmented consumption as arising solely from the reduction of duty which 
preceded it, ignoring the causes—such as general prosperity, and consequent aug- 
mentation of the consuming power ; cheapening of means of transport, or lowering 
of the actual cost of production by mechanical improvements, or otherwise of the 
article consumed. Or, to take an illustration from a different class of subjects :— 
Suppose it is desired to ascertain the average mortality of a certain class; that for 
this purpose we take the mortality in that class during a certain number of years, 
and that, during one of those years, an epidemic of a destructive character has pre- 
vailed, you of course strike out that year from the series as unduly affecting the 
average. But, if you stop there, your calculation is again vitiated, though in s 


different manner, for it will almost always ha that an epidemic sweeps away s 
larger proportion of unhealthy than of healthy lives, and so the years su ing their 
mortality, having been, so to speak, anticipated, are above the true ave in point 


of health, and do not form a firm basis for a permanent calculation. Another variety 
of the same error, identical in principle, is when effect and cause are confounded. 
For instance, I have heard a sanatorist argue, with great general truth, in favour 
of model-lodgings in towns, and support his argument by pointing out the 
diminished rate of mortality in them, as compared with that of the same class out- 
side. No one could dispute the general conclusion, but in fairness it should have been 
taken into consideration, as a qualifying proposition, that model-lodgings, by their 
reputation for superior cleanliness and healthiness, attract not the average, but the 
best men of the class for whom they are designed—that is, those whose chances of 
life are the best, independent of the room in which they are lodged. Hence in- 
voluntary exaggeration, by which a good cause could only suffer. 

Another and perhaps simpler example is the existence of a hospital, or sanato- 
rium, in an otherwise healthy locality. Unless that be allowed for, it is clear that 
the place in question will be credited with many deaths which are not due to it,— 
nay, this absurdity follows, that the more the spot is resorted to by invalids (Madeira 
would be a case in point) on account of its very healthiness, the higher its apparent 
mortality becomes. This last example is not without its practical importance, 
especially in cases of military mortality. It is obvious that, by a system of dis- 
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charging at once, or offering inducements for the retirement of men who are likely 
to become invalids, a fictitious appearance of healthiness in a camp or army may be 
produced, the diseases which arise there not being suffered to work out their 
natural result, and their existence, or rather the existence of causes predisposin i g to 
them, being thus effectively concealed. A third source of error, perhape less 
material, but still worth notice, is that of confounding in one class facts not identical. 
For instance, the ave death-rate of England is easily ascertained, but if you 
wish to apply that practicall to a particular place or class, you must not take the 
figures as they stand. The death-rate of towns is not that of rural districts, the 
mortality of infants greatly exceeds that of adults, the term of life is shorter in the 
labouring than in the well-to-do classes. Age,class, and locality must be separately 
determined before you can arrive at an even approximately accurate conclusion. 
The figures, which serve for all collectively, precisely because they do so serve, are 
illusory if applied to any one of these in cular. 

I mention such possible mistakes in order to show how utterly wide of the truth 
is the idea that to work by and with statistical calculations is a merely mechanical 
function, needing no ability beyond that of a careful clerk. They require common 
sense and vigilance against errors, like every other method of inquiry. Figures do 
not, indeed, deceive you, but, if you put them to a use they are not meant for, they 
will let you deceive yourself. 

I suppoee it is hardly n to remind you of the uses of the statistical method 
as applied to national affairs. Ifa man in private life finds his money going too 
fast, and wants to retrench, the first thing he does is to say, “I must keep regular 
accounts.” So individuals keep diaries of particular matters in which they feel 
interested, not trusting to vague recollections, but setting down their notes day by 
day. Every person of observant habits, or ¢ in any pursuit which requires 
accuracy, is in some sense a statistician; and it is hardly possible to over-rate the 
value of figures, partly as checking the universal tendency to exaggeration, not 
wilful, but a kind of mental illusion which operates whenever we are eeply inter- 
ested—partly as giving precision to ideas which would otherwise remain floating in 
our minds in a vague, and therefore comparatively useless form. For instance, to 
say generally that a given trade or employment that of a grinder or soldier, in the 
tropice—i¢ unhealthy, conveys a very faint expression, and expresses our feelings but 
slightly. But But it in this way—that the average fength of human life in some 
occupations is shorter by ten or fifteen years than that of an ordinary labourer— 
and not only habitual calculators, but the man himself, however ignorant or thought- 
less he may be, is able clearly to realize the sacrifice he is making in going into 
that business. With regard to the question of drainage, of ventilation, of food, or 
use or abuse of strong drinks, it is the statistical test employed on a large scale 
which alone can be conclusive. I say on a large scale, for it 1s of the very essence 
of statistical inquiry that by dealing with masses it eliminates individual peculi- 
arities. We reason back from the mass to the individual. The unit of the statis- 
tician, his typical or representative man, is the average man of many thousands. 
We are familiar with the effect on public health of the establishment of sanitary 
statistics. Let me point out one or two more instances in which figures form 8 
part, and a very important part, of the diary of our national life. Take the Post 

ce returns, sho an increase of the co ndence as compared with the past, 
and the difference which exists at the present day in the amount of letter-carryin 
between one of the country and another—say between the population of Irelan 
and that of London. Take the Registrar-General’s returns of marriages, and note 
how the number of these, relatively to the population, rises or falls as the material 
condition of the masses is for the time better or worse. Take the annual returns 
of the Customs and Excise departments. Take our Census Abstract of the occu- 
pations of the people. Take our Criminal Statistics, a comparatively new depart- 
ment, and one probably still admitting of much improvement. You may read in 
these collectively the social and economical history of the age in which we live ; 
and note everywhere the absence of mere chance. We speak of chance—it is a 
word we must use for-convenience sake—but we really mean by it, not that the 
result of the thing discussed is in itself uncertain, but that some or all of the deter- 
mining causes of such result are to us unknown. We imply, not the absence of a 
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law, but inevitable ignorance on our part of what the law is. When you find on- 
formity, or something which closely approximates to uniformity—as in the number 
of letters yearly posted without addresses, in the number of widows and widower: 
who marry, or in the number of detected offences of the same nature comunitted 
within the year—it is impossible not to be impressed, however trifling may be the 
illustration of them, with the permanence and steadiness of the laws which regulate 
our existence: ’ 

Now, is there any use in knowing that? I think there is. In the first place, no 
knowledge that bears upon human life is useless, even though we do not at the 
moment see the practical application to which we can put it. A discovery always 
turns to account in some way. The most important mechanical inventions owe 
their origin to purely mathematical theories which the authors of them never dream: 
of 80 8 ving. In the next place, it is only by observing men in masses, and with 
the aid » all such helps to accuracy as we can command, that we can fairly appre- 
ciate the influence of general causes, whether material or moral, on individuals 
Take a town in which a thoroughly good system of drainage has been established : 
you want to learn what has been the effect of that system on health: Queetion 
each person or each family separately, you will probably get very conflicting and 
dubious testimony; but register the deaths and causes of death, com them with 
what they were before, and with similar returns in other places, and the decrease 
will give you at once a measure of what has been effected. And, lastly, of that 
large class of human evils which are reparable as well as preventible—evils affecting 
not life but property, or affecting life in its relation to roperty— there are very few 
to which the principle of insurance may not be appli ow what does insurance 
mean? It is the opposite of gambling. The gambler, desiring to gain something 
that is not his, risks In return something of that which he actually posseases. The 
insurer, seeking to preserve that which he has, submits to a certain small fixed 
deduction ,and thereby precludes the occurrence of a much larger possible loss. The 
one purposely increases the hazards of life, the other purposely diminishes them. 
Now if, as I believe to be indisputable, a sensb of security is one of the first requi- 
sites both for material improvement and moral development, whatever creates or 
strengthens that sense of security is an element of human progress; and when a 
proprietor has guaranteed himself, according to the nature of his property, against 

, against shipwreck, against loss of stock by disease, or of loss by storm; still 
more, when the mian who lives by his industry has secured himself, not indeed 
‘against premature death, but against that which to such persons having families 
is the sharpest pang of premature death, the dread of leaving unprovided for thoee 
whose existence is hound up with his own, it is difficult to estimate; by any testis 
or results that can be shown ‘on paper, the amount of good which is practically 
effected ; for that gain must be measured not by the number of persons actually 
saved from distress, but by the infinitely greater number saved from the apprehen- 
sion of distress, the fear being often as hed as the thing feared. It is not easy to 
overrate the beriefit which the modern practice of insurance has conferred and will 
confer upon mankind. And why, in opening this Statistical Section, do I refer to it? 
Because it is a practice founded in its very nature on statistical inquiries, and which 
without such inquiries could not have existed. 

It remains only to speak of a few desiderata—a few things wanting to be done. 
In England our chief defect is the absence of agticul statistics. That is s 
question which has been long before’ Parliament. The difficulty of collecting such 
acts as are really wanted does not seem to be great; but between prejudices on 
both sides, statisticians asking too thuch; and farmers unreasonably jealous of giving 
any information, the thing has always fallen through: I hope in that respect the 
new Parliament may be miore fortunate than its predecessor. I ought alse to note 
as inconvenient in the highest degree the excessive complication of our English 
weights and measures. They are probably by far the worst in ea in that re- 
spect. But I note that fault in no very sanguine spirit as to a retiedy applied. 

ur national peculiarities, a great indifference to simplicity and unifotmity, and 6 
dislike to changing anything to which we have once become acoustemed, and the 
total absence of any strong interest in the subject, except among 4 few individuals, 
place reform in this matter wholly beyond nty expectations. Parliantient, no doubt, 
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has legalized the use of the metric system—é step which is very well as fat as it 
goes ut which really, for all practical urposes; leaves matters where they were: 
ompulsion is not to be thought of; and, on the whole, I strongly suspect the next 

generation will do exactly what I am doing now—admit the inconvenience, and 
Say it can’t be helped. en with regard to the decimalization of coinage, which is 
& matter really in the power of the Government, I do not think we are likely soon 
to see anything done ; and it is obvious that weights and measures cannot be c 
‘without a general feeling of willingness among the people to give up those existing 
and adopt the substitutes. It is more satisfactory to look to the operations of the 
Board of Trade. . Their little yearly volume, called “The Statistical Abstract,” is 
full of useful information, packed into the smallest compass, and arranged with a 
careful rejection of trifling and unimportant details. I should be glad to see the 
scope of that publication extended, and references added, so as to include the rincipal 
resulta of all official inquiries, showing in a tabular form where fuller details on the 
subjects dealt with may be found. 

think it is also worth considering, since every European Government now takes 
a decennial census, whether some understanding may not be come to amongst 
leading States, to frame their inquiries as nearly as may be in the same way, and 
to publish them in the same order and form, so that for purposes of comparison they 
may be at once and easily available ; for, notwithstanding local and national divisions 

ifferences of lan of institutions, and of race—Europe inclines more and 
more to become, in ita general habits of thought and action, one community; and 
Napoleon’s phrase, that a war in Europe is 4 civil war, like most sayings of great 
men, becomes truer and more applicable, not less so, by the progress of time. I do 
not know that it would serve any useful purpose if I were to anticipate the contents 
of papers that may be read in this Section. They will be many, various, and I ho 
interesting, and ought to lead to useful discussion. Let me only offer to those who 
take part in our discussions one or two suggestions. The first is, time runs fast. 
‘You can say all you have got to say in a few words, if you will think it over before- 
hand. It is want of preparation, want of exact thought, that makes diffuseness. 
Again, we don’t want preambles or perorations. We are not a school of rhetoric ; 
and in addressing an educated audience a good deal may be taken for granted. 
Lastly, we only wish to get at the truth of things. All ideas are welcome, but 
mere verbal criticism is of no value to us. Some of the topics with which we shall 
deal may perhaps have a political bearing, and in that case I hope and expect that 
they will dealt with in a strictly impartial and scientific spirit. 


On the Division of Labour. By W. B. Avas. 


On the Duration of Life, the Prevailing Diseases, and the Causes of Death, of 
Potters: By J.T: Aniiver, M:B: 


On the Municipal Expenditure of the Borough of Birmingham. 
By Tuomas AVERY. 

The intention of this paper was to submit a brief history of the Municipal Expen- 
diture of Birmingham, with the view of comparing the progress of the town in 
wealth and population with its increase in Taxation, Expenditure, and the amount 
of its public debt. 

Previously to the incorporation of the Borough, the town was governed by Com- 
missioners, undet different Acts of Parliament; the last of which was obtained in 
the ninth year of the reign of King George IV., and was entitled “An Act for 

-better paving, lighting; watching, cleansing, and otherwise improving the town 
of Birmingham, in the county of Warwick, and for regulating the police and 
markets of the said town.” 

The Commissioners, by an Act of Parliament passed in the year 1851, transferred 
to their successors a pub ic debt of about £112,250, and an equivalent in valuable 

of £196,291. 
P Table is aetod of the financial resulta of the concluding five years of the 
separate government of the Commissioners, from 1835 to 1839. In all of the fol- 
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lowing calculations, it has been found convenient to give the population of the 
present limits of the borough, as nearly as it could be ascertained, but the Table ¢ 
the expenditure of the Commissioners has been formed upon the population of the 


parish, 
The population of the decennial periods has been taken in both cases from the 


Census Tables, and that of the intermediate years has been ascertained by a pe- 
centage thereon. 
TaBLE A, 
. Year) 
Year. | Population. payments. 
£ 8 d. 
1835. 1§9,802 26,847 4 5 
1836. 163,366 27,240 4 4 
1837. 166,966 33209 5 3 
1838. 170,704 30,216 4 8 
1839. 1745493 31,154 49 
1840. 178,456 359140 5 1 
1841. 182,922 36,939 5 3 
1842. 187,435 40,660 5 6 
1843. 192,102 53,849 6 7 
1844. 196,884 785775 9 3 
During the next ten years, the population and expenditure increased as in Table B. 
TABLE B. 
. Yearly Amount 
Year. | Population. payments. | per head. 
£ s. 4d, 
1845. 201,789 8,445 7 6 
1846. 206,827 7697 7 7 
1847. 231,991 83,987 9 2 
1848. 217,284 70,363 7 6 
1849. 222,709 70,610 7 6 
1850. 228,259 98,836 9 10 
1851. 232,843 101,717 9 9 
1852. 238,615 104,527 8 9 
1853. 2445574 1235379 10 2 
1854. 250,683 331,723 10 6 
; Continuing these calculations for the ensuing ten years, there is the same large 
increase in the numbers of the population, but accompanied by a disproportionate 
augmentation of the public expenditure. 
TABLE C. 
. Yearly Amount 
Year. | Population. payments. | per head. 
£ 8. a. 
1855. 256,943 135,283 10 6 
1856. 263,363 123,814 9 § 
1857. 268,695 142,909 10 7 
1858. 275,406 137,644 10 0 
1859. 282,288 135,053 9 7 
1860. 289,340 1455310 10 0 
1861. 296,076 104,183 7 2 
1862. 3035777 1551644 10 3 
1863. 310,966 1575996 10 2 
1864. 318,732 172,211 10 10 


_ Taking the average population and amount of expenditure, we have the follow- 
ing results for three decennial periods :— 
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Ave amount of 
Year. | expenditure per head. 
8. d, 
1835 to 1844. 5 6 
1845 to 1854. 8 10 
1855 to 1864. 9g 10 


Though the population had increased from 159,802 in 1835 to 318,782 in 1864, 
the increase in the cost of local government in the same period had been so much 
out of proportion thereto, that, whilst it was 4s. 5d. per fread in 1835, it had be- 
come 10d. per head in 1864, This grave fact eminently deserves the most 
anxious consideration of the Members of the Council of Birmingham, and of all 
who wish well to Municipal Institutions. For many years this town has enjoyed 
a remarkable measure of almost uninterrupted prosperity, which has enabled the 
Burgesses to support this heavy expenditure with comparative ease ; but should we 
again be visited with bad times, it is to be feared that it would be felt as a grievous 
calamity. It is, however, satisfactory to observe, that for the last several years 
the expenditure per head has been nearly stationary, and it may be hoped that it 
will now begin to diminish. 

To give a correct view of the magnitude and variety of the subjects compre- 
hended within the jurisdiction of the Corporation, statements are appended of the 
income and expenditure for the year 1864, from which it will be perceived that 
several expensive items are included in the present municipal government, such as 
public baths and parks, free libraries, and a borough cemetery, which did not come 
within the scope either of the proceedings or the powers of the Commissioners. 

(The Tables referred to give the detailed receipts and expenditure for the year 
1864, but are unavoidably omitted from want of space.) 


TasLE E.—Giving the amount of the nett unpaid balances of the public debt, and 
the annual charges thereon. 


Annual interest and 
Year, Debt. repayment of principal. 
£ £ 

1852. 297:950 17,886 

1858. 437,286 30,611 

1864. 638,303 492192 . 

From this statement it will appear that the increase has been as follows :— 
TABLE F. 
1852. 1864. - Increase. Fercentage 

Population......... 238,61 5 318,732 B01 17 | 34 per cent. 
Rateable value ... 679,750 981,500 301,750 ” 
Income (Table K).| 2,080,817 32199,298 1,138,481 9 
Debt ...cccccecsees 297,950 638,303 340,353 » 
Interest and re- 
peyments on 17,886 49,192 31,306 9 
account of debt. 


The property now in the possession of the Corporation, with its approximate 
value, and also of the important public works and improvements executed by that 
body, amounts to £894,064, including property of the value of £196,241 received 
from the Commissioners. 

In further confirmation and illustration of the increased and increasing pressure 
of the public debt, and the large proportion of the general revenue which it is gra- 
dually absorbing, the following ‘lable is submitted. As @ convenient and easily 
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understood arrangement, the receipts of thé improvement account only an fc- 
nished, that being the chief and ie legitimate source of income; but the par- 
ments on account of the debt comprehend the whole of the charges thereon; th: 
is to say, those of the itiuhicipal and street improvement accounts are also include, 


and the same principle is observed throughout the calculation :— 
TaBLE G. 


on apcount| improve- 
of debts. | ment ac- 


s. @, & d. 
o 8 ‘¢£ 
o 8 1 4 
o 8 % 4 
0 9 t 3 
© 10 12 
° 9 I 3 
° 9 r 3 
© Io 13 
o Io 1 2 
10 10 
Io 10 
Io ro 
49,142 40,446 2 2 og 
riate to furnish § 


As a collateral branch of this subject, it may not be inappro 
Table of the amounts levied by the overseers of, the poor, and of the a 
tion of them absorbed By the borough rate for municipal purposes, and whic ¥ 
entirely under the control of the Corporation. It is much to be desired that te 
singular anomaly should be speedily abolished, that the Corporation should be # 
thorized to collect the whole of its own rates, and that the entire systent of ma 
cipal taxation should be simplified and consolidated. 


Tasix H. 


26,690 
38,757 
399572 
35,615 
30,218 
349247 


Ras 


nd 


ps OBR OWS Neh HW OVO 008 


i] 


Quy ~3 Pua oh Un tn tn dn Bd Ud A 


423,732 


wo 
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TABLE J.—Showing the rateable vale of the f the Borough fro 
wns 1855 to 1864, Pn % She Borough from 


Rateable 
value. 
£ 

1855. 7399750 ° 
1856. 762,510 
1857. 841,330 
1859. 8535340 
1859. 364,490 
3860. 880,980 
1861. 899,230 
1862. 827,730 
1863. 9599590 
£864. 981,500 


The annexeil Table K describes the amounts assessed to property and income 
tax ; it affords information on the progress of the town in wealth and prosperity: 


Tasie K. 
Amount of 
assessment 
Year. Population. | of property Per head. 
and income 
tax: 
£ £ 8. d. 
1850. 228,299 1,814,508 719 0 
wo5r. 231,841 1,904,826 8 3°7 
1852. 238,615 2,080,817 8 14 ; 
1853. 244,574 2,170,722 8 17 
1854. 250,683 2,409,549 9 811 
1855. 256,943 2,459,137 gir 5 
1856. 263,363 2,396,452 9 2 Oo 
1857. 268,695 2,568,607 9 tt 2 
1858. 275,406 2,614,951 9 a 
1859: 282,288 2,662,222 y 7 
1860. 2893340 2,692,572 9 6 2 
1861. 296,076 2,923,829 10 I 9 
1862. 303377 | 3,006,445 918 2 
1863. 410,966 3,049,589 9 16 2 
1864. 318,732 3,199,298 | 10 © 9g 


The amount of national taxation doce not necessarily form ahy of this in- 
quiry, but it may nevertheless be instructive to notics it, and the following Tables 
are therefore subjoined, which have been taken from a valuable article contributed 
by Professor Leone Levi to the Journal of the Statistical Society -— 


TaBis L:—United Kingdom; Population and Taxes, 1801 to 1858; 


£38. d. 

1802 to 1810. 371 

1811 to 1820. 314 06 

1621 to 3930: zt: 6 

- 2831 to 1840: 2 0 4 
1841 to 1850. 2 0 

1850 to 1858. 2 2 ! 
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Year. | Population. Wealth, | Per head. 
2 

1801. 16,000,000 | 3800 millions. 112 

1813. 18,000,000 | 2100 O° 116 

1841. 27,000,000 | 4000 » 150 

1858. 29,000,000 | 6oco » 206 | 


Year. Population. 


1800, 16,000,000 
1841. 27,000,000 
1858. 29,000,000 


In examining the figures of the three latter Tables, we discern one of the did 
causes of the public tranquillity and contentment which now so happily preva 
Associated with this marvellous development of national wealth there Js a dim- 
nished taxation—in other words, there is less to pay and more to pay it with, # 
that the burthen of it is easily supportable as compared with the pressure of forme 
years, and it is much to be desired that the same results should be sought a 
achieved by our local municipal government. 

It has been seen that the expenses of the Corporation for 1864 were 10s, 10d. pa 
head, and as in addition thereto the cost of relieving the poor in the same year ¥# 
6s, 4d., it follows that we have altogether the very serious expenditure of Is 32. 
per head. The introduction of railways and of steam navigation, and the remord 
of some of the restrictions upon trade, are bringing us more and more into compet 
tion with the cheap labour and lightly-taxed populations of other countries; and 
an economical administration of the public affairs of the town, or the absence of th 
may therefore exercise an important influence upon the permanent welfare of ths 
busy and industrious community. 

In bringing this paper to a close, an attentive consideration of the subject spp 
to lead to the following conclusions :— 

1. That the progress of the town in wealth and population has been enormot 
but that the amount of taxation and of municipal expenditure has increased in 

ter ortions. 

2. That the public debt especially appears to have excessively increased, oW8 
to the rapidity with which public works and various improvements have beet & 
ecuted, thereby imposing heavy burthens upon the present generation of ™& 


ayers. . 
P 3. That it would have been desirable to have omitted some of the least 1 
portant of these undertakings, and to have extended the others over a longer period 
of time, and that for the future they should either be suspended altogether, “ 
proceeded with more slowly and deliberately. 

4. That an increased taxation does not appear to have materially interrupted the 
progress and prosperity of the town, but that in the event of any continued dep 
sion of trade, it would be almost insupportable by large numbers of the rate-p4s 
and that therefore the utmost vigilance and caution should be constantly exercise! 
to control and diminish its amount. 


Social, Educational, and Religious Position of the Working Population f 
South Staffordshire. By the Rev. W. J. Barn. . 
Every one who has travelled through South Staffordshire has been struck Wi 
the appearance of the district and the people. The view from any of its ce? 
eminences is weird and striking. The mighty furnaces belching forth fire 
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smoke, the great stacks of tower-like chimneys which everywhere meet the eye, 

the general blackness of the surface, the rolling clouds of smoke which shroud all, 

the glimmer of pools of water breaking through the dense masses of habitation 

everywhere apparent, the tumultuous roar which comes surging upward, all im- 
reas the gazer deeply. Underneath that thick smoke-cloud and among those 

eaping furnaces, toils and lives and dies as sturdy a population as any in Eng- 
an . 

Of the moral, social, educational, and religious condition of this population, 
the most contradictory accounts are given; but it was not the purpose of this aper 
to balance or contrast contradictory statements. The paper especially regards e 
working classes, and was a review of the influences which have affected this district 
in the past and still affect it—on the one hand to degrade, on the other to restore 
and elevate. . . 

The first point noticeable is that of the circumstances of the growth of the popula- 
tions of the towns of South Staffordshire. 

Ligitle. this point of view much of the present misery and degradation is intel- 
8. 

Most of the towns have a very old history; some are called old even before the 
Norman era. They seem to have been generally agricultural. The population 
was small, With the development of the mineral wealth came a great increase in 
population, till from the quiet country village you find yourself in the midst of the 
noisy, dirty town of some 20,000 inhabitants. In 1727 Dr. Plot found twelve pits 
open at Bilston; now he would find some 300. Now with such a rapid increase, 
and that just at the period of the Church’s and the country’s greatest apathy as to 
the secular and religious education of the people, it seems manifest that the district 
must have been utterly neglected, its opportunities of education wholly inadequate 
to the requirements. Thus the vices which have made the Black Country so 
notorious, were developed without check. 3 h ; ad 

he brutality propensity to violence imputed to the people are re as 
much exaggerated in the statements of casual observers. PAt the wane time the 
very nature of South Staffordshire work tends to foster a pride in physical strength, 
and where ignorance and habits of intemperance prevail this will tend to brutality 
and cruelty. 

The habs of drunkenness and extravagance which do so very much disgrace the 
population, present us with s very important item in the social position. Here 
also certain circumstances of the work and the position of the working man throw 
a light on the evil and its remedy. There isa strong conviction amongst puddlers, 
milfmen, and men of that class, that they cannot do without much beer during 
their “heats.”” The effect of this continual recurrence to beer during the interval of 
work before a fierce fire is readily understood. The whole constitution becomes 
sodden with drink. Then, the workman has no out-of-doors charm of scenery to 
fall back upon when his day’s toil is over. The exigencies of mining operations 
and the acrid furnace-smoke have destroyed the green and pleasant face of nature. 
There is but the public-house, or home, or some rough game. Add further that 
the workman earns in many cases very high wages; this to natures uncultivated, 
only gives a scope to all propensities to excess. Habits of intemperance are only 
too prevalent. er-houses are multiplied beyond all proportion. Men are paid in 
public-houses. Funerals, accidents, are only occasions of indulgence. Some work- 
men have of their wages in an allowance of beer. 

It need hardly be said that licentiousness and immorality are fearfully prevalent, 
these are usual concomitants of intemperance ; but it is notable how very much con-~ 
cubinage is the custom, and how little regard is paid to the obligations of marriage. 

The propensity to gambling seems to have a strong hold on the population. 

The sgnorance of the population, especially in its lower section, demands more 
attention. 

Ignorance in South Staffordshire has been something appalling, and is still very 
great. The last generation had but few facilities compared with the present ; the 
children of most miners can now be educated where the habits of the parents do not 
interfere, but persons above forty years of age are frequently incapable of reading. 
The facilities of education have increased tenfold within a generation ; still, great 
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as ig the ch the ignosanes of the young of both nexee is yory gveat. Of odlia 
lads, about one-half can read at all, and that lamoely; ef lads in 4 works,” peporu of 
missioners, committees, and examiners speak in termg which make ys svn 
bow little has yet been dope, notwithstanding the immense efforts made, 
Attendance for education aor on religious worship seems to be so lax that it cout 
for almost nothing. If this be so in cases where facilities aye afforded, for thar 
are schools attached to the respectable “works,” what shall we say of that po 
rtion pf the population utterly neglected or found out only b the town mit 
sionary and the ragged school? When out of seyen in fayoura Je eipcpmatences 
ane pnly can read, when such lads know nothing of Christ or the Crycifixioa, « 
a future state, cannot repeat the Lord’s prayer, what shall we say of the other: 
Tn tracing the causes of this ignorance, the hindrances to edycation, we mist 
int to the employment of young persons at a very early age in nail-melkang, bnd- 
folds, on pit banks and elsewhere. The expression of opinion of a great employ: 
is quoted advocating such employment of children and denouncing goyemmat 
interference, The same person objected ta all education of colliers or ge working 
class, ag tending to unfit them for their work. These sentiments date back oily 
three years, yet ate now fast disappearing. The children, thus denied the opp 
Aunity of learning in their early life, must grow wp rude and ignorant. Stans 
of schools confirm the view thus given, The proportion of children found o 
schools in yarious districts after ten years of age is as follows :—Sonth Staff 
shire, 16 per cent.; North Staffordshire 832; North and East Ridings of Yorkshir, 
32; Hali worsted manufacturing district, 40. The children thus debsrred the 
benefit of school, are found in engine-houses, iron-works, japan-sho rick-fields, 
and elsewhere, doing work which men aught to do or machinery. The conneum 
of ignorance with pauperism and crime comes out clear enough jn the statsuc 
Jn Stafford 1, out of 23 juvenile offenders, 18 were from the Black Country, and 
of those only 9 could read when committed. At the Saltley reformatory, out of 
42 lada there for various crimes, 23 were from South Staffordshire, and of thee 
only 3 a read vy committed, ; f her item in 
e emplayment of females in work utterly unfitted for them is another item i 
social status. South Staffordshire has a bad notoriety in this matter, The labow 
on the pit bank or in the brick-field may not be unhealthy, but it is demoralisiny. 
No female can grow up, under such circumstances, with true womanly d Ms 
fitted for domestic life, Statistics gathered from varioua sources prove that the 
result of sych a condition of things is a frightful amount of immorality and gener! 


dehasement amongst the girls so emplo 
A further element in the social degradation of the people, snd an obstacle to ul 
improvement, is found jn the wretched dwellings of the people, The houses of the 


poor are but too often the property of the poor, and are thus destitute not only d 

all convenience, but outrage all decency—are hotbeds of disegse, physics! & 

moral, The tumble-down shanties of South Staffordshire have hecome a standilg 

disgrace j but much is now being done towards their improvement. 
assing over many points of interest, this is noted as a last, and not least, 

portant item—the fact that very few of the great employers live amongat thew 

or mingle much with them. 

This practice of absenteeism is growing; nor do many of the proprietars take ¥ 
trouble ta keep themselves pleasantly in the mindg of their people. A 
land laid out for recreation would cost them little in any district, and would bes 
noble boon. From these and other circumstances the author rates South Staffart- 
shire lower than similar districts in England and Scotland. 

Yet there are signs of rapid improvement, and agencies are at work which 
rapidly changing the faces of things. The New Congregational Chapel at Hise 
stands on the spot where the crowd gathered of ald to see the bull baited, # 
thus many a vile custom has yielded to the influence of education and relig 
The agencies most effectual in such a district are those which partake of the 
of guerilla warfare. Evening classes, ragged-schoola, working men’s clubs, lectus 
books of pleasant reading, short, pithy—these are the things which must influent 
educationally the working population. The town missionary is the most efficien 
pioneer, religiously, Much of such agency is now at work; the thing is how ta 
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xtend and further organize it. | “The Association for the Promotion of Adult 
‘ducation” is a capital example of what may be done in that direction. Tempe- 
ance sacieties have done much and are doing much; but a quieter mode of action. 
vould be advisable. Provident societies are increasing, and have now geperally 
se gs the principle of polaing teu meetings apart from the public-house, 

d vile habits are certainly di ppearing ; more literature is circulated and of a 
ar better tone; the people themselves seem awake to their deficiencies and eager 
o retrieve. The last strikes and lock-outs showed what even ten years had done 
n diffusing information, quickening intelligence, and raising almost a new order 
if workmen, We ma hope that in time, though we cannot free South Stafford- 
hire from gmoke aad grime—therein is its wealth—still it may be said of the 
listrict, pene re to its moral purity, it is“ black but comely.” 

The following Table exhibits the statistics of population at various periods, and 
he relate fatto of secular and religious ingtructiop. The Table is necessayjly 
mperfect: there is great difficulty in getting correct statistics in these mattera, a 
ifficulty arising from yariqus causeg. The centres of population change rapidly in 
i district ; Table, however, ig sufficient for our purpose, and trustworthy jn 
he main. 7 


Po ulation Population 
in 1811. in 1863. 


Wolverhampton township 
Dudlev perish 
Walsall 


pton 
ei palien township 
Sedgley parish 
Cannock 


. 


Of this population one-fifth is engaged in the mines, a third in the manufacture . 
of iron, ise thin a half in the branches of industry where skilled maauiee de- . 
nanded. But the Table is every year becoming less and less trustworthy, so rapidly - 
joes population ch its centres of increase in this wondrous district. Cannock, 
for instance, will in all probability quickly be lost in the amazing extension of ite 
hitherto unknown neighbour, Brownhills. There collieries are being opened, and 
fresh ground occupied with astonishing rapidity, and Cannock Chase is threatened 
with absorption in the insatiable demand for coal. 

Now let us place side by side with this arranged representation of the vast 
career of population the following statistics of the educational and religious 
‘facilities :— 


—— 
jiai4 1864, || 1814. |1864. | 


WoLvVERHAMPToON. Dupuey. 
Public day-schools ............ 3 Public day-schools ............ 
Sunday-schools...............00. 6 | 30 Sunday-achools ........... tes 
Literary, scientific, and other Mechanics’ and other institu 
Institutes .........cccseeseeees 1 5 Protestant churches ......... 
Protestant churches ......... 2 | 10 Dissenting chapels .........+.. 
Dissenting chapels ............ 4 | 18 Catholic chapela ...........020. 
Catholic haps B scxcictmuias ese 1 2 Other places of worship ...... 
Other places of worship ...... 0 3 


» 
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1814.| 1864. 1814) bet 
—_—— |__| —_—$_______ — 
WALSALL. | DARLASTON. 
Public day-schools ............ 2 8 Public day-schools ............ 0 | 4 
Sunday-schools.............000+ 3 | 15 Sunday-schools.............000 3/7 
Mechanics’ and such institutes}; 0 3 Mechanics’ and such institutes} 0 : | 
Protestant churches ......... 1 4 || Protestant churches ......... 1] 3 
Dissenting chapels ............ 2 | 15 | Dissenting chapels ............ 2/4 
Catholic Shape ee eeesececesess 1 1 Catholic chapels .............. 0 | 0 
Other places of worship ...... 0 2 | Other places of worship ...... 0 | 0 
West Broxwicn. KInGswInFoRD. | 
Public day-schools ............ 2 | 16 Public day-schools ............ ' 1 
Sunday-schools............+.+00 3 | 3 Sunday-schools..............-..- 3 2 
Mechanics’ and such institutes} 0 4 Mechanics’ and such institu 0 1 
Protestant churches ......... 1 5 Protestant churches ......... 2 8 
Dissenting chapels ............ 2 | 20 Dissenting che HS ..ccecseeeee] 2 1 
Catholic chapels ............... 0 1 Catholic pels etecesenseseees 0 °¢ 
Other places of worship ...... 0 2 Other places of worship ...... 0 0 
WEDNESBURY. Tiron. . 
Public day-achools .......... «| 1 8 Public day-schools ............ 1 
Sunday-schools.............00+0- 4 | 12 | Sunday-schools.............2.00 3 4 
Mechanics’ and such institutes} 0 1 Mechanics’ and such institutes! 0 | 
Protestant churches ......... 1 4 Protestant churches ......... ‘1 4 
Dissenting chapels ............ 3 | 10 Dissenting cha IS ccceeeceeees 2 | ») 
Catholic shape seeecencecseees 0 1 Catholic chapels ............... 0; 1 
Other places of worship ...... 0 | 2 Other places of worship ...... 0/0 
BrLsTon. SwETHWICE. | 
Public day-schools ............ 1 9 Public day-schools ............ 1,5 
Sunday-schools............000.+ 2 | 15 Sunday-schools...............04 1 | 8 
Mechanics’ and such institutes; 0 1 Mechanics’ and such institutes} 0 | | 
Protestant churches ......... 1 5 Protestant churches .......... 1 | 4 
Dissenting chapels ............ 1 | 12 Dissenting chapels ............ 0! 3 
Catholic chapels ............... 0 | 1 || Catholic chapels ...........-+.. Qo! 1 
Other places of worship ...... 0; 1 Other places of worship ...... 0. | 
WILLENHALL, SEDGLEY. 
Public day-schools ............ 0 | 7 Public day-schools ............ 0 B 
Sunday-schools.............0006 3 | 13 Sunday-schools............0.s00¢ 3.13 
Mechanics’ and such institutes; O | 3 || Mechanics’and other institute! 0 | | 
Protestant churches ......... 1 | 4 | Protestant churches............ 1 | 4 
Dissenting chapels ............ 2 /18 | Dissenting chapels ...........- 215 
Catholic chapels ............... 0 1 Catholic chapels ............... 0/1 
Other places of worship ...... 0/1 Other places of worship ...... 0 | l 


Statistics of Pnewmonia. 
By Professor Joun H. Bennett, M.D., F.R.S.E., of Edinburgh. 


The author, in the first place, pointed out the great difficulty of determining ti 
exact value of any particular treatment in a disease, and then described a Table }: 
had constructed, giving in columns the sex, age, previous health, the day whe 
first seen aftor the commencement of the disease, the day of convalescence, peri! 
of convalescence, pulse, respirations, complications, treatment, with observations « 
all the cases of pneumonia which had entered his wards, in the Royal Infirmary « 
Edinburgh, since the year 1848. These were 129 in number, all treated by restort- 
tives. T'here were only four deaths, or 1 death in 32} cases, and in these the fata 
result was not owing to the pneumonia but to other diseases which complicated 
it. With regard to treatment therefore these four cases are excluded. 

Of the 125 remain ing cases 85 were males, and 40 were females. The sverf 
age was 30} years; 105 cases were simple, and 20 were complicated. The averse” 
duration of the disease in the former, when single, was 133 days, when double 
16} days. The duration of residence in the hospital of the-complicated cases # 
214 days, that of the uncomplicated cases was determined by the nature of th 
complication, 
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Dr. Bennett compared these results with those of other hospital physicians, in 
which various treatments had been practised in pneumonia, confining his remarks, 
however, to such as were drawn from an equal or a larger number than his own, 
and from the whole inquiry derived the following conclusions * :— 

“1. That an extreme antiphlogistic treatment has always been attended with a 
large mortality, amounting to I death in 3 cases; but that when modified in 
various waye—that is, by diminishing the amount of lowering remedies, selecting 
cases, or by the cases being those of young and vigorous subjects—the mortality 
varies from 1 death in 4} to 1 death in 13 cases. When one-half the cases are 
those of children, or persons below twenty years of age, and the lowering treat- 
ment slight, the mortality diminishes to 1 death in 28 cases. 

“2. That a treatment by large doses of tartar emetic has been accompanied by 
a mortality varying from 1 death in 4} to 1 death in 9} cases. 

“3. That a dietetic or expectant treatment has been followed by a mortality 
varying from 1 death in 7} to 1 death in 10°8 cases. In children, according to 
Barthez, the mortality is almost ntl. 

“4. That the results of a mixed treatment, in which various remedies have been 
employed, according to the nature of the case and the stage of the disease, are a 
mortality varying from 1 death in 3} to 1 death in 13} casea. 

“‘ 6. That a tonic treatment with iron and copper, according to Kissel, was at- 
tended with a mortality of 1 death in 22 cases. 

“<6, That a treatment by stimulants, according to Todd, was followed by a mor- 
tality of 1 death in 9 cases. 

“<7. That the restorative treatment of the author having been attended, in the 
worst point of view, by a mortality of only 1 death in 82} cases, is the most satis- 
factory yet published. But when it is considered that the 4 deaths resulted from 
patho ogical complications unconnected with the pneumonia, it may be said to 
render the mortahty in true cases of pneumonia ni. 

‘8, That 105 uncomplicated cases, occurring consecutively in the clinical wards 
of the Royal Infirmary when under my care, during a period of sixteen years, 
should all have recovered, is a fact which can only be ascribed to the nature of the 
treatment, as is shown by contrasting that treatment with others in which a 
lowering, expectant, mixed, or specific practice was tried. 

“9, That just.in proportion as other treatments approach the restorative prin- 
ciple, and avoid lowering the system, so much the greater is their success. It will 
further be observed that although a direct lowering practice has been avoided, if 
the diet had been restricted, or opium, digitalis, alcohol, or other drug largely 
given, capable of weakening the system and diminishing appetite, no great advan- 
tage has been arrived at. So that— 

“10. The variations which appear to follow the same treatment by different 
physicians are explicable by the amount of weakness in the patient, or cireum- 
stances favouring wealmess in the treatment, such as low diet, bleeding, tartar 
emetic, &c. It follows that supporting and restoring (not stimulating) the nutri- 
tive powers of the system, and avoiding all weakening remedies, ought to constitute 
the practice in pneumonia.” . 


On the Statistics of Crime in Birmingham, as compared with ather large Towns. 
By J. THackray Bouncer, F.S.8. 


For the sake of brevity the state of crime in Birmingham was given only at three 

triennial periods—1858, 1861, and 1864. The results of the examination were 
iven in seven Tables appended to the paper. The figures throughout were taken 

from the official volume of ‘ Judicial Statistics.’ 

Table I. showed the number of houses of bad character reported to the police. 

Table IL the number of the criminal classes, in their recognized divisions of 
known thieves, receivers, prostitutes, suspected persons, and vagrantsa—as estimated 
by the police. 


* See the Restorative Treatment of Pneumonia, by J. Hughes Bennett. 8vo, Edinburgh 
1865. 
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Table III. the number of indictable offences committed, with the number of per- 
sons apprehended, discharged, and committed for trial. ; 
Table IV. the number Of persons proceeded against summarily, with those di- 


charged, convicted, and fin ; . 

Tables V., VI., and VII., the nature of the indictable offences committed, the 
principal offences under the class of summary procedure, and the previous character 
(as returned by the police) of the persons dealt with under both head. 


The following is a summary of the first four of these Tables :— 


Total criminal class.......... ccc cece cece ecees 8190 3271 6415 
Total houses of bad character .........2...-0: 906 907 R414 
Total number of indictable offences ............ 752 886 2659 
Total number of summary offences ............ 8420 6805 3285 
General total of indictable and summary offences .| 9172 7741 5044 
Total persons apprehended and summoned ...... 9018 7578 4329 
Total number discharged wee tee ete eeeeeeees 4138 3001 2320 


Total number convicted, or committed for trial ..} 4880 4553 2008 — 


The discrepancy between the criminal class in 1858 and 1864 is accounted for br 
the adoption‘of a better mode of reckoning them by the police: in the former year 
they were merely estimated, in the last-named year the name of every person be 
longing to the criminal class (that is, known to be living by crime or to be a pro- 
fessional vagrant) was actually written down, and care was taken to see that ro 
name appeared twice in the list. The folowing Tables show the general results o! 
& comparison of all England, Birmingham, Manchester, Liverpool, Leeds, and 


Sheffield for the year 1864 :— 
Popula- | Crimi- | Disree | Indict- | Sam- | 
Places, tion, nal utable able | mary 

1861. classes. ouses. | offences. | offences. 

England and Wales...... 20,066,224 | 101,803 | .... | 51,058 'qao.or8 

Birmingham............ 296,076 | 3,190 906 752 | 8,490 

Manchester .........4.. 338,346 | 3,106 1111 | 6,623 | 11,397 
Liverpool ..........005- 443,874 | 3,176 1518 | 4,826 | 36,448 | 
Leeds ....c cee eeeenees 207,000 | 1,588 318 489 | 6,201 | 
Sheffield ..........000. 185,000 433 161 414 | 5,091 | 


In regard to the class of offences committed, the following Table shows the com- 
parative criminality of Birmingham and the four other towns above named :— 


Attempts to murder, &..... 
Burglary and housebreaking. 
Highway robbery.......... 18 171 47 26 
Larcenies ...... cece aves! 226 5286 3215 313 


Under the head of summary offences, the following comparative result is 
obtained :— 
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Assaults .......e cee eeees 1918 2857 | 8,461 1816 981 
Drunk and disorderly ...... 1078 8587 | 14,002 1815 1038 
Offences by publicans ...... 459 855 983 91 224 
Offences t Local Acts.| 1695 145 | 8,726 835 787 
Malicious damage ........ 199 246 637 164 181 
Larceny.......ssecceceues 1044 1145 | 2,238 414 849 


arceny 
Offencesagainst V: eyAct; 706 1127 | 1,236 342 516 


Offences against Weights and 
Measures Act .. hi secon 278 138 118 6 208 


The subjoined Table shows the number of the criminal classes, the indictable 
offences, the summary offences, and of both combined, in proportion to popula- 
tion :-— 


-| Indictable offences; 
crimes reported. ...; 38406 | 393-72 
Summary offences ; 


persons proceeded 
inst .......... 455 
Indictable offences and 
summary offences 
taken together....{ 40°8 
Criminal classes; re- 
puted number ....| 198°08 | 92°81 


An additional Table was put in for the information of the Section :— 


Indictable Offences— Crimes reported, Apprehenstons, and Number of Persons 
Discharged and Committed. f 


. 
| a | La aS | any eae ea 


GB wccccccccccccceses 1 in 787 
Sheffield ...... cece cee eee 1 in 801 
Birmingham ...........++: 1 in 785 
Live ) rrr lin 481 
Manchester .......ccs000- 1 in 504 
All England .............. 1 in 906 


From this Table it appears that the percentage of apprehensions to reported offences 
is as follows:—All England, 564 ; Birmingham, 79; Manchester, 21; Liverpool, 
49 ; Leeds, 843; Sheffield, 94}. 

The percentage of committals to apprehensions is as follows :—All England, 694; 
Birmingham, 72; Manchester, 45; Liverpool, 42 ; Leeds, 81; Sheffield, 633. 


On the Practical Advantages of the Metric System of Weights and Measures. 
By ¥. P. Ferzows, F.S.S. 
This paper proved the practical advantages of the metric weights and measures 


over those of the English System. First, in the great economy of time in calcu- 
lation, through the metric system being decimal; and secondly, ne frcilities 
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afforded through its measures of weight, capacity, square and cubic measure bez 
all directly and decimally: derived from the metre (the measure of length). 

The paper was elaborately illustrated by diagrams, and numerous practical e1- 
amples were given in proof of the great advantages of the system. Toestimt — 
the number of figures that would be saved in consequence of the metric even — 
being decimal, the author stated that, ‘To judge of this advantage it will mtd — 
to take any particular example, for particular examples may be found in farce 
either of the English or the Metric System, or even in favour of the old Ronn 
numerals ; since CDM each expresses by one sign the quantity which in Amb 
numbers must be expressed by three or four signs, thus, 100, 500, 1000. It wil 
therefore be necessary to enter into some general calculation as to the numbed 
figures required under each system, and to set down and carry out a regular sene 
of figures in addition, multiplication, subtraction, and division, in order to & 
with which of the two systems the advantage lies. I take the weights, and begs 
with addition. I proceed with the metric system, and write down consecutive! 
every weight that can be expressed, proceeding by grammes from 1 to 1024 gramms 
1024 items can be expressed, and to express them either in grammes, dec 
hecto-, and kilogrammes, exactly the same figures, and therefore the same numba 
of figures are required—the number is 2986. 

“T proceed now to set down 1024 items in the English system, from the bal 
drachm (the approximate equivalent of the gramme) to ib. 152 ounces. Ths 
figures I must set down are— 


For the fractions ........0 cc cece cece cecvces 1024 
For drachms .........ccccccccccccccccecece 1384 
For Ounces. 2.0... cc ccc cee eee ccc ce cc scveces 1884 
For pounds ......... cece cece see ccsscoces 512 


Total figures required for the English weights. . 4804 
or nearly 560 per cent. more than are required for the metric system. 

“This is, however, only writing down data. Suppose we begin to add up tle 
items in each system, we shall find the gain to the metric system enormou | 
begin by adding 1 and 2 grammes, then 1, 2, 8 grammes, and so on; sdding 
every sum from one gramme till I have added’ from 1 to 31 grammes. 


I have to set down before I add up...... 768 figures; and 
The sums of these would take .......... 88 oy, 
Making the metric total ......... 841 


‘“ Now I proceed to add up the English weights from half a drachm to | 0. ( 
similar number of items to the metric). 


I have to set down before I add up ............0.000. seeeee 1027 figures 
When added up, the number of figures required to express the 
BUMS In CrachMS 18 ....... cee cece ee cee e ete n ee eeees 
But the sums of these drachms have to be brought in ounces and 
pounds by calculation, and each addition involves a sum in 
ong division, which again involves multiplication and sub- 
traction, and the number of figures I require to set down for 


” 


these calculations i8........ 0. cece cee cence reese eeees 4096 , 
To express the final result of my additions in pounds, ounces, 
and drachms, I have to set dOWn ......c.ececescceccnnens 88 » 
Making a total (English) of ..........6 sesseeee 5904 
Against a total (metric) of .........ss00- veaeaees “B41 


or six figures English for one figure metric. 
“Were we to strike off the figures required for the fractions in the English 
system altogether, still the English system would take ............0.008: 
‘‘ While the metric system would require but...... oc enseee pe ceneee we 
or five figures English to one figure metric. 


4257 
84] 


¥ D4 oy ye 
TRANSACTIONS OF THE SECTIONS. / “  ‘' ' ¥49 | 
‘ an an Sa OP v 

‘Tn subtraction, multiplication, and division, the advantag Pan be bic tystom Ys 
is still greater. In calculations of length, capacity, square atc " 
Proportion in favour of the metric system would be less than 
and in others much greater. = 

“The next advantage of the metric system arises from all its weights, measures 
of capacity, square and cubic measure being directly and decimally derived from the 
metre, and consequently being directly and decimally related one to the other.” 
(Numerous tables were exhibited to illustrate this.) 

Tho author then entered into some elaborate calculations to show that the univer- 
sally received English equivalent of the metre was incorrect (notwithstanding that 
it had been sanctioned and adopted by the Royal Society, by a Royal Commission 
appointed to investigate the matter, and by the Houses of Lords and Commons), 
therefore the given English equivalents of all the weights and measures of the 
metric system were false. The author showed by demonstration that the abso- 
lutely correct English equivalent of the metre was 1 metre=39-370387642044176 
(38024691) inches [36024601 being a recurring series of decimals], say 1 metre= 
$9-37039 inches; whereas the universally received equivalent is 1 metre=39-37079 
inches, He pointed out that this error was increased in a square measure by the 
square of the error; and in measures of weight, capacity, and cubic nieasure by the 
cube of the error, since all metric weights and measures are derived from the metre 
by squaring and cubing. He showed that this error was far too great to be allowed 
to remain uncorrected, and gave several instances in which it would partly account 
for certain apparent discrepancies in terrestrial and astronomical measurements in 
different countries, stating, as a familiar illustration, that this error would make a 
difference of about 1000 miles in the given distance of the sun from the earth. 

The author proceeded : “ A Bill was lately passed by both Houses of Parliament, 
making legal in this country the use of the metric system of weights and mea- 
sures. Attached to this Bill was a table or schedule which professed to give the 
metric equivalents of the English weights and measures; which equivalents are 
declared by the Bill to be binding on all traders using the metric system. Not only 
was this schedule founded on the incorrect datum that 1 metre =39-37079 (the 
correct datum being 1 metre= 39°37039), but it did not harmonize even with ita 
own datum. According to this Bill, a dekametre, that is 10 metres, or 100 deci- 
metres, or 1000 centimetres, or 10,000 millimetres, if reckoned from the Govern- 
ment schedule, 

as a dekametre, is a certain quantity ; 

if as 10 metres, is a second different quantity ; 
if as 100 decimetres is, a third quantity ; 

if as 1000 centimetres, is a fourth quantity : 
if as 10,000 millimetres, a fifth quantity. 


So that we have five different English equivalents given to represent the same 
measure, not one of which quantities is correct after alt. 
‘‘For measures of surface, a hectare, that is 10 dekares, 100 ares, or 10,000 cen- 
tiares if reckoned from the Government schedules tables as, 
a hectare, is one quantity ; 
in dekares, is another quantity ; 
in ares, is a third quantity ; 
in centiares, is a fourth quantity 
not one of which quantities is after all correct. 


“For measures of weight, a myriagram, which is equal to 10 kilograms, or 100 
hecto s, or 1000 dekagrams, is according to the Government schedule (when 
brought into English quantities), if reckoned as a myriagram, one qrantity; if in 
kilograms, a second different quantity ; if in hectograms, a third different quantity ; 
if in dekagrams, a fourth different quantity; not one of which is correct. 

_ “TT fear that this Bill with this schedule may prove worse than useless, and it is 
only because I believe that it will be very mischievous, and niay lead to endless 
litigation, and prevent the metric system ever taking root in this country, that I 
reluctantly raise my voice to endeavour to stop its action, and get it amended before 
it has done any serious evil. Indeed, in disputed cases, were I judge, I should not 
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know how to give a decision, as there is nothing in the Bill to say whether deb- 
metres, metres, centimetres, &c. are to be calculated from, should any dep 


arise. 

“ In illustration of the evils that may occur from this, a trader's yearly purchsxt 
of goods bought and sold by length, such as cloth, silk, satin, &c., ar, a. 
£389,000. He hopes to make a clear gain (after paying every expense of salane, 
rents, taxes, interest, &c.) of £1000 a year, which we will say he would do wer 
the schedule of metric and English equivalents correct. Now, ingly as bs 
reduces his quantities from English into metric lengths, and vece verad, and bat: 
and sells and reckons in dekametres, metres, centimetres, &c., though he hes deve 
exactly the same business, and bought and sold at exactly the same nomi 
price, yet by using the Government schedule he may actually find his net prot 
vary from to £1600 per year. His net profit may vary (solely from the m- 
correctness of the schedule) as follows. It may be £400, or £420, or £435 16s, @ 
£436, or £700, or £702, or £702 2s., or £710, or £1000, or £1282, or £1282 |x. 
or £1200, or £1300, or £1564, or £1565, or £1580, or £1600. To explain this mart 
fully, say that 3940 inches of best broad gold lace are sold to A, B, C, and Is 
100,000 ‘millimetres (which equivalent is correct according to the schedule). | 
buy this from A, B, C, and D, but as 100,000 millimetres are equal to 10,000 cet 
metres, and these latter, according to the schedule, are equal to only 3937 inches | 
only pay for 8987 inches instead of 83040. Thus in buying I gain 3 inches of got 
lace through the schedule being incorrect. 

“ Now in eelling I just reverse the process, and sell only 3937 inches as 10(0) 
centimetres, which, according to the echedule, is likewise incorrect. These 10,000 
centimetres, according to the schedule, would also be exactly equal to 100,000 nil 
limetres ; so that in selling I gain 3 inches. Suppose the average price (quoted 
English quantity) of the gold lace were £1 per inch ; then 

I buy 100,000 millimetres (3940 inches in reality) for £3937 
And sell 10,000 centimetres (or 8937 inches) for....  § 


Thus gaining 3 inchesand .............:sseeeees 
Three inches being worth £1 each would be........ 


Total gain ....... cece cece eee cece eee 


«On the other hand, I might have lost £6 instead of gaining it, or a difference 
£12 might be made for or against me. 

“In conclusion, I would strongly urge the advisability of investigating and ©r- 
recting the inaccuracy of the English’equivalent of the metre, and the rectificanm 
of the Government metric schedule before any further legal steps are taken to pr 


mote the metric system in this country.” 
Intercommunication between Railway Passengers. By G. B. Gattowst. 


On the Means of saving Life from Buildings which may be on Fire. 
By G. B. Gattoway. 


Suggested Improvements applicable to the City of London and other lary 
Towns, to improve Health and preserve Infe. By G. B. Gatiowar. 


Statistics of the Small Arms Manufacture of Birmingham. 
By J. D: Goopman. 

Prior to the close of the 17th century, at which time Macaulay states that tht 
population of Birmingham was only 4000, England obtained her supplies of #™ 

m the continent. In 1689, by the direction of William III., an opportunity 
given to the manufacturers of Birmingham to produce the flint-lock gun the?” 
use. The first trial of the skill of the Birmingham men having resulted sst! 
torily, an order was afterwards transmitted to five manufacturers to provide 200 
Snaphance muskets per month, for which they were to receive, on delivery of each 
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hundred muskets, 17s, each, ready money, in one week after delivery in the Tower 
of London, and that they were to be allowed 3s. for the carriage of every one 
hundred-weight. This document bears date 5th of January, 1693. There is little 
or no information as to the prograss of the manufacture tif the commencement of 
the present century, when the military records denote the capabilities of the trade 
at that period. The following is the system at present pursued in ing on this 
manufacture in Birmingham at the present time. The manufacture of the various 
parts of the gun, as barrel, lock, &c., are distinct branches. These several parts 
are collected by the manufacturer, known as the gun-maker, and by him are set 
up. The chief branches are :—Stock-making, barrel-making, lock-making, fur- 
niture-making, oddwork-making; and for military guns there are in addition, 
bayonet- , sight-making, rammer-making. The stooke are of two kinds— 
beechwood an walnut. They are brought to Birmingham, cut from the plank 
into the form of the gun. Beech-stocks are grown in this country, chiefly in 
Gloucestershire and Herefordshire. Walnut-stocks are, with few exceptions, im- 
ported from Italy and Germany. On reference to the Directory of the present 
year, we find 599 names of manufacturers engaged in the ditferent branches of the 
trade. The list of workmen employed estimates the total number at 7340. Of 
these 3420 are engaged in producing the materials, the barrel employing 700, the 
lock 1200, the bayonet 500, and so on. Setting up these materials into guns 
employed 3920 men. Of these the three chief branches are the stockers, screwers, 
and finishers. Each of these branches, with its subbranches, is estimated to 
employ 1000 men. The outworking system leads to the employment of a con- 
siderable number of young boys. o very correct estimate can be given of the 
rate of wages earned by the workmen in the gun-trade. During the past ten 
years there is little doubt but that the wages earned in this trade have probably 
exceeded those in any other. It is a very common practice in many of the ches 
for a workman to employ several assistants, whether working in the factory of his 
employer or as out-door worker. Strikes have occurred in the gun-trade, but 
happily not frequently. The gun-makers engaged in the military arms e are 
associated together, one object being the regulation of wages to ve paid to work- 
men. The men, in like manner, act together, the respective ing branches 
having their own organization. Masters and men each know the strength of the 
other, and have, on the whole, so arranged their mutual dealings as to avoid dis- 
putes. The Birmingham workmen are much more highly paid than those of Belgium 
and France. This low price of labour gives our Belgian rivals a great advantage ; 
on the other hand, the better paid and better fed Engjish workman can accomplish 
an amount of work far in advance of his Belgian workfellow; and the English 
manufacturers possess a further advantage in the more extended application of 
machinery, the use of which in Lidge is discouraged by the cheap rate at which 
hand labour can be obtained. The Birmingham a gun-makers have long been aware 
that a more extensive use must be made of the advantages which they possess, and 
this bas lead to the erection in Birmingham of an establishment for the manufac- 
ture of guns by machinery, on the interchangeable principle. We must give 
America credit for the introduction of this system. It was from thence it was 
brought into this country. The total number of processes under which an Enfield 
musket of the pattern 1853 undergoes is upwards of 600. Guns made by this 
system will interchange ; that is, that any part of one gun will fitanother. The 
factory of the Birmingham Small Arms Company is now in working operation. 
The system is there carried out in ite full integrity. It has been planned on a 
scale to produce 1000 guns per week. There are upwards of 300 machines at 
work, but at present it has not reached its full power. The number of guns now 
made there is about 500 per week. The proving of barrels was first provided for 
by a charter granted by Charles I. to the London gunmakers. No public proof- 
house existed in Birmingham till 1813, when an Act of Parliament was obtained 
giving the necessary powers, A second Act was obtained in 1815, which remained 
in force till 1855, when the.inventions of modern days rendered the establishment 
of new regulations necessary. By these regulations the security of the user was 

tly improved. Under this Act the gun-trade is recognized as an associated 
Bods , to which all are entitled to belong who carry on the trade within ten miles 
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of the Borough of Birmingham, and who are rated to the poor at not less than £13 
A fee of a guinea is paid annually on registration. The trade is required to met 
on the 9th of March in each year, when they elect the managers of the Prod 
House. The total number of the guns and pistols proved in England during the 
riod 1855-1864 was 6,116,305. Of this number there were proved at the 
irmingham Trade Proof House, 8,277,815; at the Government Proof Hour 
Birmingham, 978,249 (these last represent military guns made for the Engi 
service); at the London Proof House, 1,356,139; and at the Enfield Factor, 
505,102. The Enfield Factory has only been in operation seven years. Th 
average annual production will thus be— Birmingham Trade Proof How, 
$27,781; Birmingham Government Proof House, 97,824; London Trade Prod 
House, 185,513 ; Enfield Proof House, 72,154; making a total annual producti 
for the whole of England of 633,272. As near as can be estimated, the number 
small arms manufactured in Birmingham and elsewhere, for the Americane dunng 
the last four years, make a total number of 1,078,205, Birmingham supplynz 
733,408 ; London, 344,802. During the last ten years the total production of 
England was, after deducting the number of arms made at the Enfield Factory, 
5,611,203. The production of the Liége trade during the same ten years wm 
6,842,264, or something more than 1,000,000 in excess of our make. It mut 
be understood, however, that while the aggregate number produced in England it 
less than that of Liége, the aggregate value of the British arms is greater. The Be- 
ians make a very large number of pocket-pistols at 1s. 0}d. to 1s, 11d. each pistol 
n the ten years the number of pocket-pistols roved was 2,305,176—more than one- 
third of the entire make of Liége. In the Finglish returns we have only 588,47! 
pistols, or little more than one-tenth, and none of these are sold at anything lit 
the prices of the common pistols of Liége. Asthe demand for English work rum 0 
superior qualities, the English makers have never attempted to make pistols of ths 
very low class. The following statement will show the number of made and 
exported during the ten years, 1855-1864 :—Number of guns made in 
for ordinary trade, 3,822,457; of this number England exported 2,685,309; num 
ber of guns made in Belgium for trade, 5,300,675 ; number assumed to be exported 
by Belgium, 3,760,450; declared value of Belgian exports, £4,743,206; value of 
each gun, £1 5s. 2d. The arms manufactured by the English trade for Gover 
ment use are estimated at £8 each. This is somewhat below the real value, butt 
will be near enough for the present purpose. These data will give us the following 
results as the value of the production of the two trades during the ten years 18 
to 1864 inclusive: Belgiump number of guns at 25s, 2d. each, 6,842,266; total 
value of Belgian guns, £8,609,849. England, number of guns at 33s. 10d. each, 
4,632,954; value of ditto, £7,837,400. Number of guns at £3 each, 978,249: 
value of ditto, £2,934,747. Total value of English guns, £10,772,156. Althong! 
the value of our trade is thus shown to be more than equal to that of the ony 
source of supply which at all approaches us in the extent of manufacture, It l* 
manifest that the Birmingham gun-trade must be on the alert if it is to maintal 
its ground. To contend against the cheap labour of Liége is not an easy ! 
The establishment of the machine factory, it is hoped, is a step in the right direc 
tion. It will secure for the town the trade in the highest class of military wort, 
which otherwise would have gone to its competitors. Excessive prices for labour 
are still paid in certain branchesof the work, particularly when sudden pressure comes 
upon the trade. A more uniform rate of wages would benefit all parties; the 
master would feel more confidence in tendering for contracts at moderate rete 
and the workmen would secure more regular employment. 


Statistics of the Post-Office Savings’ Banks. By Atrrep Hitt. 
The good effected by the Savings Banks on the old principle, was limited by 
their fewness (only 683 in the United Kingdom), by their want of secum 
as proved by several failures), and by the short periods in the week during whic 
they were kept open. As the Post-Office Savings’ Banks have been well deacribed 
Zo print*, this paper is confined to some special Facts relating to their progress, for 
* See ‘Her Majesty's Mails,’ London: Sampson, Son, and Co., 1864; and the ‘ Edit 
burgh Review’ of July 1864. 
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rhich I am indebted chiefly to the kindness of Mr. Scudamore, the Assistant 
recretary to the Post Office. 

The following Table shows statistically the progress of the Post-Office Savings’ 
Sanks from their commencement in Septem r 1861 to the 3lst of August 


865 :— 
Amount of . Accounts 
Banks open. | Deposits. Withdrawals. opened. 
I S 16, 1861 7. 
‘rom Sept. 16, : 

to Bee’ $1, 1861 . | 1678 6,759 
1862 .. cc cee cece 2535 431,878 
1863 .... cece ewes 2991 1,027,154 
18B4 2... ccc cece eee 3080 ; 
June 30, 1865 ...... 3101 1,113,028 
Aug. 1865.......... 3256 359,927 

8256 10,677,412 4,773,595 


It will be observed that there are now 3256 Post-Office Savings’ Banks (or 
iearly fivefold the number of the old Savings’ Banks), and they are to be found in 
lmost every town, and in every populous district. the money deposited, a large 
iortion would certainly never have been placed in the old banks. 

By the Postmaster-Veneral’s Report for 1864, it appears that at the opening of 
he Post-Office Savings’ Banks in September 1861, there were in the United 
Cingdom 1,600,103 depositors in the old banks, whereas in March 1864 the 
lepositors in both descriptions of Savings’ Banks numbered in the aggregate 
,887,510, showing an increase in two years and a half of 17 per cent. 

The average amount of each deposit diminished down to June last, since which 
ime it has risen nearly to its original amount. The amount of each deposit is 
maller if the Post-Office Savings’ Banks than in the old ones, owing to the former 
eing constantly open, while the latter usually transact business only once a week, 
even once a8 fortnight, and the new banks are more brought home to the 
lepositors’ doors. The rise in the amount of each deposit was caused by the 
losing of the old Savings’ Bank at Canterbury, and the transfer of its deposits to 
he Post Office. 

The average amount of each withdrawal increases as deposits accumulate, and 
he average amount to the credit of each depositor increases steadily but slowly ; 
lowly, because the great number of new accounts constantly being opened keeps 
lown the average. This amount includes the interest due on the 3lst December 
ast ; for interest is computed and added to capital at the end of every year. It is 
stimated that at the end of this year there will be 600,000 depositors in the 
-ost-Office Banks owning £6,500,000 or £6,600,000. 

The recent Act enabling deferred annuities and life assurances to be purchased 
hrough the Post-Office Savings’ Banks cannot fail to be very beneficial to the 
ioorer classes. 

Besides providing for the investment of their savings, the Post-Office Banks 
ive to persons of small means the accommodation afforded to the wealthier classes 
'y ordinary banks, viz., a place of security for the amount kept for current ex- 
enditure. I am acquainted with a lady of very reduced means living on a 
mall annuity, who, until the Post-Office Savings’ Bank was established in her 
eighbourhood, used to be kept in a constant state of anxiety lest her half year’s 
ncome should be stolen in the small houses wherein she was compelled to board. 

In conclusion, it should .be mentioned that statements, to the effect that the 
‘avings’ Bank duty is imposed on Postmasters without additional remuneration, are 
ntrue, as & cial allowance is made to each, dependent upon the amount of busi- 
eas done by him. 
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Statistics of the Benefit Building and Frechold Land Societies of Birmenghan. 
By G. J. Jounson. 

Commencing with the statement that since the year 1842 nearly £2,500,000 had 
been paid by the working and lower section of the middle classes in Birming 
into such societies, the writer proceeded to explain four Tables illustrating the 
paper. Table L gave a list of all the societies enrolled under the Building Societies’ 
Act (1886) since the year 1842, when the firet Society in Birmingham was formed 
under such Act. The number so enrolled was only two. ‘ The early societies were 
all formed on the “ terminating” principle; most of the later ones (twenty-eight 
out of thirty-five) on the “permanent” principle, the details of which were ex- 
plained at length. Table II. stated the results of the societies which had either 
terminated successfully, or been wound up without loss, from which it appeared 
that about £77,858 had passed through such societies. Table III. gave a list, so far 
as could be ascertained, of the societies which had ended in loss to the members ; 
and it was remarked how small a proportion the unsuccessful societies bore to the 
others both in number and in the actual amount of business done. Table IV. con- 
tained the statistics of the nineteen existing Building and Freehold Land Societies 
of Birmingham, by which it appeared that these societies had received in the 
aggregate £2,242,068 ; that their present members numbered 11,193; the amount 
now due from borrowing members on mortgage was £539,782; and the amount 
due to investing members was £438,043, exclusive of £60,000 due to 
not members who had lent money on deposit at interest. The details of the work- 
ing of both Building and Land Societies were then explained in reference to both 
classes of members, inveaters and borrowers; and the paper concluded as follows :— 

‘“‘ There is one question which has forced iteelf upon the attention of all engaged 
in the working of these societies, and that is, whether the time has not arrived for 
altering their legal status altogether. Ihave no wish to raise legal questions here, 
but it is not a legal but an economical question, whether societies having an 
income, as many of the larger Birmingham societies have, from £50, to 
£100,000 a year, ought not to have the advantages of corporate existence as may 
now be enjoyed by any seven persons who choose, by subscribing a memorandum 
of Association for one share of £1 each, to form a ‘ Joint Stock Company Limited.” 
No one can read the Act of 1836 without noticing that from the preamble declarinz 
‘that it was desirable to afford encouragement and protection to societies to assist 
the members thereof in obtaining a smadl freehold or leasehold property ;” down 
to the last clause the whole scope of the Act is utterly inadequte to the present 
condition of these societies. One instance will suffice. It is the theory of the Act 
that a Building Society is a small Friendly Society, the members of which will 
meet once a week or fortnight. Accordingly, it provides that a general meeting of 
the members may be called by a notice read at two such meetings. There are, at 
least, 81x societies in Birmingham with 1000 members and upwards—one with 
more than 8000. These members pay their subscriptions fortnightly, quarterly, or 
yearly ; and when they go, or more often send to the office for that p , it is no 
more a meeting than the shareholders ing or sending to pay their at a bank 
is a shareholders’ meeting. The facts have outgrown the theory on which the Act 
was constructed. The consequence has been that more than once very improper 
rules have been made at meetings, called in the Act of Parliament mode, which 
were necessarily unknown to all the members, except the half-dozen interested in 
the object on which the meetings were called. 

“ What is wanted is a recognition that these societies are no longer small friendly 
societies, but are large investnient associations, and are therefore entitled to become 
incorporated companies.” 


Statistical Data in relation to the Representation of the People. 
By Professor Leone Lev1. 


On the proposed Extension of Government Administration to Ratlways. 
By T. pe Mescum, LL.D. 
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On the Past and Present Productwe Power of Cotton Machinery, 
' By D. Morris. 


After stating that between 1760 and 1880 the inventions of Paul, Arkwright, 
Crompton, Hargreaves, Kay, and. others, really laid the foundation of the preeent 
system of cotton factory operations, and giving a brief notice of the different 
machines now in use, the author described the progress made in the productive 
power of cotton machinery. During the last thirty years, ending in the year 1860, 
vast improvements had been made in the blowing-room, the machines being now 
entirely made of iron instead of, as formerly, part wood and part iron. The card- 
rooms were now almost invariably well ventilated and lighted, whilst the improve- 
ments in the carding machines were striking, the entire machines, including self- 
acting strippers, better clothing, and ter working surface, having undergone a 
total change. The drawing e, slubbing and roving frames, had also experi- 
enced great changes for the better. Less pro had been made in the throstle 
frames than in any other frames in cotton machines. In the mules, both hand and 
self-acting, great improvements had been made in consequence principally of the 
many excellent appliances which had been introduced into the headstock, to save 
weight and bodily labour on the part of spinners. The author went at consi- 
derable length into the improvements made in looms since 1830. In the winding 
apparatus the only improvement was in its form, and the invention of a motion to 
shape the bobbin. In warping machines the latest improvement was by Messrs. 
Howard and Bullough, of Accrington. The tape-sizing machine, by Mr. W. Ken- 
worthy, of Blackburn, would do the work of six of the old bali-sizing machines 
used in 1830. The invention of knitting-machines to knit healds was a saving of 
5O per cent. in the cost of production. The folding or plaiting, or measuring 
machine was generally adopted, and effected a great saving of time and wages, as 
was also the hydraulic press. Finally, in1764 the cotton imported into this country 
was 3,870,302 lbe., in 1830 239,837 ,350 Ibs., and in 1860 ],083,600,000 Ibs. ; and the 
increase in the mills, spindles, looms, and workers was in proportion, namely :— 


1830. 1860 
Spindles... 12,000,000 .......... 40,000,000 
MB. ee see eees 105,000 ...... bees 
Mills ........... , 2500 ..... bene 7,100 

Workers ........ 200,000 ........ ve ; 


The quantity of raw cotton consumed in 1856 in the following countries was as 
follows :—Great Britain, 920,000,000 lbs.; Russia, Germany, Holland, and Belgium, 
256,000,000 lbs. ; France, 211,000,000 lbs. 5 Spain, 40,000,000 Ibs ; countries border- 
ing on the Adriatic, 39,000,000 Ibs.; United States, 265,000,000 Ibe; sundries, 
Mediterranean, &c., 56,000,000 Ibe. Total, 1795,000,000 lbs. 


On Patents and Copyrights. By Professor Rocrrs. 


The Physical and Geographical Features of the Country ten miles round Dud- 
ley, with remarks upon the natural drainage area, as they bear upon the 
Sanitary Condition of the district. By Henny C. Roper. 


On the Vital Statistics of Birmingham, and seven other Towns. 
‘By W. L. Sareant, of Birmingham. 

This paper contained the following iculars for each of the eight towns :— 
Ist, the population since 1801, with increase and rate of increase; 2nd; 
the ages of the people at last census; 3rd, the denssty, the birth-rates, and the death- 
rates; 4th, the ages of the dying; 5th, the excess of death-rates over thove of all 
England ; 6th, the causes of death; 7th, the proportion of deaths from each cause 
to deaths from ali causes. 

A century ago Norwich exceeded each of the three towns, Liverpool, Mane 
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chester, Birmingham ; now these three have grown from 92,000 together to a millio 

and a quarter. 

The ages of the people show the migration that goes on. A large number of 
irls come into the towns as domestic servants, and a considerable proportion of 

hese return to the country to die. The male deaths, therefore, show the sanitary 

condition better than the female deaths. 

It is commonly believed that while the male death-rate on the whole exceeds 
the female, the female death-rate is the higher from puberty to middle life. The 
truth is, that from 1851 to 1861 the female death-rate was the higher from puberty 
to twenty, and about equal to the male from twenty to middle life. 

Among the causes of death it is remarkable that there are no more deaths to 
population from cancer in unhealthy Liverpool] than in all England. 

a om lung disease, even including phthisis, there are more male than femate 
eat. 

Brain disease prevails little in London, much in Leeds and Sheffield. 

Cholera and the cognate diseases are fatal in most of the great towns, As to 
typhus, London and Bristol stand well. 

All these latter calculations.are made for the registration districts, and ne: 
for the boroughs. 

; It is expected that this paper will appear at length in the ‘ London Statistical 
ournal.’ 


On the Admission of Illegitimate Children into Workhouses, as a means of 
preventing Infanticide. By KE. Vivian, J.P. 


Mr. E. Vivian, of Torquay, one of the Magistrates for the County of Devon, who 
committed Harris and Winsor on the ch of murdering the infant child of the 
former near Torquay, read a aper founded upon the following resolutions, which 
he intended to bring before the Board of Guardians of the Newton Abbott Union, 
in which the offence was committed :— 

1, “That it is expedient that Boards of Guardians should be entrusted with s 
discretionary power to admit illegitimate and, in special cases, legitimate children, 
into the workhouses without their mothers also necessarily being inmates. The 
expense to be borne, when practicable, by one or both parents. 

. “ That it should be the duty of Relieving Officers and other parochial autho- 
rities, to ascertain and place on record the parentage in all cases of illegitimate 
birth, and to promote the obtaining of orders of affiliation, so to prevent the burdea 
from falling upon the ratepayers, or exclusively upon the mother, from lapse of the 
statutory time in making the application.” 

Under the present law, both these courses are prohibited. He believed that, 
under the surveillance of the Poor-Law Board, the discretionary power thus given 
to the Guardians would not be abused, and that the workhouse would afford a 
refuge intermediate between a Foundling Hospital, with all the encouragements 
resulting from secrecy, and the cruelties now practised upon the unfortunate chil- 
dren when put out privately to nurse. The mothers might be required to remain 
in the workhouse, so long as their services were required, as nurses to their own or 
other infants, when, at the discretion of the Guardians, they might resume their 
employments, and recover their lost position, which is in most cases imprac- 
ticable when burdened with the care of a child. 


o 


A Statistical Review of the Police-recognised Drunkenness of the Metropolis. 
By R. WiILxkInson, ° 


. Partly by statistics already printed by order of the House of Commons, and 
partly from information courteously communicated by the Chief Commissioner of 
the Metropolitan Police, the author was enabled to present a view of the poli 
recognized drunkenness of the metropolitan district, which embraces a radius of 
about sixteen miles from Charing Croas. 

I. The apprehensions for drunkenness, and for drunkenness with disorder, during 
each decennial period, with the annual averages, were as follows :— 
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From From 


Apprehensions. 1831-40,| 1841-50. 
For drunkenness .......... 238,607 | 106,024 


66,125 | 81,838 
804,732 | 188,762 
80,473 | 18,876 


yy drunkenness and disorder 


From 1831 to August 29th, 1833, it was one of the instructions of the police to 
ake charge of aii intoxicated persons, many of whom were dismissed by the super- 
r. 


ntendents after detention till they were so 
The fi elucidating this point are as follows :— 


1831. Apprehensions... ee ee oe ee) (oe. 81,853 
18382. a >) es ee ee ee oe ee oe ee 32,636 
1833. 99 ee ee ee ee e 6 ee ee ee 29,880 

Total for three years .. 98,860 
1831. Dismissed by Superintendents .. .. .. .. «. 23,/87 
1832. ” ” oe oe oe ee ee §=6—25,702 
To August 20th, 1833 ss, oe ee ee ee ee) =«18,487 


Total for three years included in the above .. 67,976 
II. As to the female apprehensions of each period, it must be premised that the 
1umber of females apprehended for drunkenness with disorder, in the first decen- 
tial period, is calculated on the proportion of such cases in the apprehensions for 
irunkenness only. 


Cases of From From From From 
1831-40.| 1841-50. |185160 .|1861 64.|}1831-64. 
een eeeeee 84,538 | 41,326 | 46,322} 16,415 | 188,601 
i 16,118 | 118,642 


III. In comparing the apprehensions for each period with the population of the 
metropolis, the estimates have regard to the probable P| ulation in the sixth year 
of each decennial period, 1836, 1846, 1856, and the pro Ae population in 1862. 

From these population estimates is excluded the population of the city of 
London, which has a constabulary of its own, and supplies statistics of its own 
»olice-recognized intemperance. 


1831-40.) 1841-60.) 1851-60.| 1861-64. 


Estimated population in the Metro- 
politan palice district .......... 1,700,000)2,200,000}2,500,000 2,950, 


To whole | To whole | To whole | To whole 


Apprehensions per annum for drunk- lin 71/1 in 2086/1 in 255] 1 in 851 


CNMOCSB . ccc wens err en sven cccssce 


Apprehensions per annum for drunk- . . . 
reenesa and divorder cece cence 1 in 244/ 1 in 226) 1 in 309 


Apprehensions for both combined ....}1 in 56]1 in 117} 1 in 120/1 in 164 
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IV. The very important question, how far these statistics indicate the extent cf 
the actual intemperance of the metropolis, remains to be considered. In reduction 
of the figures presented, it is to be noted that they represent cases, not distinct 
persons, many of whom are a prehended more than twice in the year, and some 
of them many times over. e proportion of persons to cases is p at 2 to 3, 
that proportionate reduction must be made in calculating the numbers appr- 
hended, and the proportion of those persons to the population. This rule need 
only be applied, by way of exemplification, to the annual average for the last fcar 
years, and it will give— 


Persons apprehended for drunk” | 5,507 .. Proportion to population .. 527 


C88 
Pedmnas EE drier escent | 6870» Proportion to popuation .. 4 


Persons apprehended for Poth 11,967 .. Proportion to population .. 247 


CAUBES. .. cece ee eee tees 
If we turn to the facts, which evince a prevalence of metropolitan in 
far exceeding the proportions represented by the statistical data, we shall find them 


to consist of the following :-— 

Ist. The fact that police apprehensions are limited to cases of vated intem- 
perance coming under the view of the police. In 1834, when Col. Rowan, one of 
the Police Commissioners, was under examination before Mr. Buckingham’s select 
committee of the House of Commons, he stated that, as to cases of intoxicatiom 
unconnected with disonier, he believed that only one in three came into the 
cus of the police. e night-police are specially disposed to do as little as they 

ibly can in the apprehension of drunkards, as they have to lose their next 

y's rest, to give witness against the accused persons. The police pretand to 
arrest drunk and incapable, and drunk and disorderly persons only, but (1) many 
of even such cases they never see, and (2) not a few of those seen are let alone 
from the trouble they would entail, or the wish to preserve individuals, otherwise 

table, from exposure. 

Snd. There is the fact that all persons intoxicated, who can manage to get along 
with or without the help of others, are systematically avoided by the police. 

Srd. There is the fact that, as com with the population, the very yo 
and the aged are necessarily excluded from the calculation. This is at once equal 
to raising the proportion of arrested persons to the population almost one half; so 
that instead of 1 in 247, we might read 1 in 125. 

4th. There is the fact that the intemperance practised in private is in a great 
degree withdrawn from the cognizance of the police. 

All these considerations tend to prove that the actual arrests for aggravated 
intemperance by no means represent the total of such public cases; that they 
absolutely exclude all private cases of that kind; that they are independent of ail 
cases of simple intoxication, as such ; and that they have nothing to do with that 
habit of OPP ing, the cause of much disease, poverty, and crime, but not neceasarily 
taking the developed form of posifive intoxication. 

There are about 10,000 drinking shops in London, and it would be a very 
moderate estimate that would assign to each on every Saturday night twenty per- 
sons in different stages of intoxication; and supposing that these were the same 
persons every Saturday night (though often they are not the same), they would 
exhibit a total of 200,000 individuals, mostly of middle age, living in the metro- 
polis alone, who periodically subject themselves to the vice of intoxication, a 
number equal to 13 per cent. of the adult population, or 1 in every 8 persona. 
How this result can be materially altered while the licensed temptations to drink- 
ing remain as they are, the moralist and statesman may well despair of discovering. 
Public-house associations are perpetually extending, and the evils are tranamitted 
from one generation to ahother. 

Some vigorous effort for the reduction of drinking shops is the only resource 
left, since purely moral and reformatory agencies are counteracted more success- 
fully than they counteract the opposite influences, 

o remedy yet proposed will be effectual unless it includes a suggestion thrown 
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out by Mr. Charles Buxton in 1855, and adopted by the United Kingdom Alliance 
in 1857, by which every parish and township would be empowered to settle for 
itself whether drinking shops should continue to be licensed or not within its 
limits. Where the public sentiment was averse to the common sale of intoxicating 
Jiquors, all houses for public refreshment would be carried on without such sale ; 
and the author believed that an immediate and most gratifying change would soon 
ensne in regard to the drunkenness and crime by which these places may have been 


On Mural Standards for exhibiting the Measures of Length legalized in the 
United Kingdom. By Jawes Yates, M.A., FERS. 


The only mural standards exhibited in this country known to the author 
are those in the National Gallery, Trafalgar Square, London, where are seen the 
metre, the yard, the braccio, and the palm; secondly, those on the outside wall of 
the Royal Observatory at Greenwich, showing the yard, the foot, and the inch ; and 
thirdly, three similar instruments put up and exposed to public view by the Messrs. 
De la Ruein Bunhill Row, London. Nevertheless the exhibition of similar stand- 
ards is required by law and practised in France, and its adoption in this coun 
has been recommended by the Royal Commission for restoring the lost standards". 
The present period seems eminently suitable for the more perfect attainment 
of this object, because the English system of legal weights and measures has re- 
ceived an enlargement of the highest importance by the passing of the Act for le- . 

izing the metric system. Also the existing standards in many of the cities and 
roughs of the United Kingdom are extremely faulty. 

The only measures which can be conveniently exhibited on the walls of public 
buildings, are the measures of length. These are the yard and the metre, with 
their divisions. My design in this paper is to inquire how these can be exhibited 
by means of murat standards in the best manner. The inquiry may be con- 
ducted under the following heads: the material; the form and dimensions; tho 
description by means of letters, figures, and other marks; the distribution and 
exposure to public view; the use in education; the aid to be afforded by the 
British Association. 

I. The Matersial_—The material which I am disposed to recommend is that variety 
of gun-metal which is known by the name of Baily’s metal, having been introduced 
into use for similar purposes by the late Francis Baily. The standard yard of Great 
Britain is made of this metal, as prescribed by the Act of Parliament, 18 & 19 
Victoria, c. 72. It is a mixture of copper, zinc, and tin, as follows :— 


Tim. wee seeees 23 


The great recommendation of this metal is that it does not rust. In other respects 
it is probably on a par with the other metals which are used or may be suggested 
for similar purposes, such as gold, silver, platinum, copper, brags, bronze, steel, or 


* “Another measure oughf, in our opinion, to be effected by the authority of the 
Government; namely, the fixing of mural standards of length in public places, where they 
may be accessible to the people generally. This is done under the Prussian law; and we 
are supported by the evidence of practical men, that it would conduce most powerfully 
to the dissemination of good measures of length.”—Report of the Commissioners for 
Restoration of the Standards, a.p. 1841, p. 16. This recommendation was seconded in 
the following terms by the Select Committee of the House of Commons on Weights and 
Measures, a.p. 1862. “Public standards should be exhibited (as barometers are at our 

rts and fishing-stations) in conspicuous places in our towns, and secured (as they are on 
the Continent) by insertion in the walls. ‘There is no such thing in Britain,’ says the 
Astronomer Royal, ‘as a public exhibition of a measure or a weight.’ The Government, 
instead of being passive, ought to be active in the question.”—Report, p. ix. The Astro- 
nomer Royal's letter, here quoted, is dated Ist February, 1859. It is addressed to Lord 
Monteagle, at that time Comptroller of the Exchequer, and is highly deserving of atten- 
tion.—See Appendix to same Report, p. 220. 
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aluminium bronze. It is sufficiently hard ; it is fusible, and takes good inpeession 
in the mould ; it shows fine and clear lines on being engraved *. 

Il. Form and Dimenstons.—I propose that the instrument should be 102 centi- 
metres long, 6 centimetres broad, and 1 centimetre thick. The reasons for adopt- 
ing these dimensions will be explained in the sequel. 
ir. Description by means of Letters, Figures, and other marke.—For the com- 
position and arrangement of these I am indebted to Mr. Frank Fellows. 

The yard is placed above, the metre below. Above the yard is its descriptia, 
in these words: “ Yard divided into Feet and Inches,’’ after which the title of the 
Act of Parliament is quoted, by which Act the yard is defined, and its legality 
established, viz., “5 Geo. IV. ch. 74.” The space on which these titles are to be 
inscribed is proposed to be 1 centimetre broad. 

The antithesis to this space is that at the bottom of the instrument, also 1 centi- 
metre broad. It describes the measure immediately above it and the Act of Parlis- 
ment by which that measure is defined, and ite legality established : “ Metre divided 
into Decimetres, Centimetres, and Millimetres.—27th and 28th Victoria, ch. 117.” 

The middle breadth of 4 centimetres is equally divided between the yard and the 
metre. Each of these has a space of 2 centimetres broad, and the space belonging t 
each is again divided into equal breadths, each of which has consequently a becaiith 
of 1 centimetre. The space belonging to the yard is a yard long, andgjs mtended 
be the exact measure of ayard. The space beneath it, and contiguous to it, belong- 
ing to the metre, is, in like manner, intended to be the exact m of a metre. 
"ihe upper half of the space belonging to the yard, being a centimetre broad, is 
divided lengthways into 3 feet; the lower space, also a centimetre broad, is divided 
into 36 inches. us far the division is that appointed by Act of Parliament. But 
we have thought a further subdivision expedient, through a small portion of the 
scale, viz., the division into eighths of an inch. We have chosen eighths rather 
than tenths or twelfths of an inch, because eighths are far more extensively in use, 
and also some persons of eminence and high authority in this country think a binary 
much preferable to a decimal or duodecimal division. " 

Proceeding on the same principle and in strict conformity with the law of the 
country, we divide the metre lengthways into decimetres, centimetres, and mill- 
metres. But whereas the yard has the greater divisions placed above and the 
smaller divisions below, we have in the case of the metre placed the smaller divi- 
sions above and the larger below. This arrangement produces great facilities for 
comparison, because it brings the small divisions of the two scales into immediate 
apposition. Thus we find as approximations,— 


One eighth ofaninch = 3 millimetres. 
One quarter » == 6 millimetres. 


One half ” = 12} millimetres. 
One inch .......... = 26 millimetres. 
Two inches ........ = 60. millimetres. 
Four inches........ = 100 millimetres. 


For greater exactness reference may be made to Rickard’s Ready Reckoner, or 
Dowling’s Comparative Tables. 

It is necessary to observe that both of these scales begin from the left hand, and 
from the same perpendicular line. 

The spaces at the two ends of the instrument, which are extraneous to the 
yard and metre scales, are each half a centimetre wide. They will serve as 
guards to the two scales. The name of the maker of the instrument may be 
engraved on the right hand. If the manufacture of these standards is entrusted 
to well-qualified persons, if they are provided with exact standards for their 
own use, and if they bestow due pains and care on those which they produce, 
the standards of their making will be sufficiently accurate for all common 
tical purposes, and there will be no necessity to seek assistance in providing Beal 


* Notwithstanding these real or su posed advantages, the f Baily’ ; 
abandoned in favour of the adoption glazed or ontenell ed porcelain. y's metal has been 


( 
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measures from the Government. But the name of an artist of established reputa- 
tion ought to be shown on the mural standard as a voucher for ite correctness. 

IV. Distribution and to public view.—This of the subject will be 
more especially considered when we come to the last division, viz., the assistance 
to be afforded by the British Association. At present I will only make the obvious 
remark, that the mural standards should be put up wherever they will be least ex- 
Posed to injury, and can be seen, examined, and compared by the greatest number 
of persons. , : 

. Use in Education.—The immediate and primary use of these standards will 
be to make the two methods of linear measurement universally known, to render the 
terms, especially those belonging to the metre, familiar to the people, and to enable 
all persons to verify their own measures. But it is important to have an eye also 
to the use of these instruments in education. For this purpose I have proposed 
exact dimensions in length, breadth, and thickness, on the metric scale. The con- 
sequence will be that they may give many useful and interesting lessons in men- 
suration and geometry. In this way the instrument may be of t use in 
schools for every class of the community. It will be observed that the space, one 
centimetre wide, which is immediately below the yard, is divided into 1 uare 
centimetres. The dimensions of the other spaces being borne in mind, the follow- 
ing questions and answers will illustrate the present subject. 

atis the area of this mural standard in square centimetres P— Answer ; 1016 
== 606 square centimetres. 
State also what is the area in square decimetres and millimetres. 


Answer: 6-06 square decimetres. 
60600 square millimetres. 


‘What proportion does this surface bear to that of a square metre or centiare P—~ 
Answer ; 0s 606 to 10,000=zreg= ‘sor 

Give the solid contents of the instrument in centimetres, supposing it to be one 
centimetre thick.— Answer : 606 solid centimetres, 

What part is this of a solid metre P—Answer: 350,606" 

What is the weight of the instrument, su posing the specific gravity to be 2-6 ? 
— Answer : 606 x 23 =1575°6 grams., or 1°5 ilos. 

VIL—Aid to be afforded by the British Association.—Since the promotion of 
the metric system 1s an object of universal interest, and one in which science 
has been applied in the most, admirable manner to practical purposes, there 
is none to which the British Association for the Advancement of Science can 
with greater propriety extend ita patronage, and devote a portion of its funds. 
In connexion with this object a Committee was appointed at Newcastle-on- 
Tyne; this Committee was reappointed last year at Bath, and was authorized 
to spend the sum of £20. This money has not been applied for, no specific 
object requiring such an expenditure having presented itself to the Committee. 
Let the Committee be reappointed. Let it be encouraged to proceed, and autho- 
rized to construct mural standards of the best possible description. Let one of 
these be offered to every place where the British Association has held a Meeting, 
two or three being offered where two or three Meetings have been held. Let the 
authorities of these towns, cities, or universities be requested to expose these stand- 
ards to view in such places and in such manner as they may judge most suitable 
and expedient. The Resociation may thus acknowledge, in a handsome and appro- 
priate manner, the kindness and generosity which it has experienced ; it may confer 
a public benefit, and supply a great deficiency in the provisions for conducting 
trade; it may aid the movement, than which none, perhaps, is at the present 
moment more important in the interests of education and philanthropy, and it may 
vindicate and exalt science in the eyes of all reflecting pereons, by showing ita 
utility in every-day life, and in all commercial transactions. 
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Statistical Data in Relation to the Representation of the People. By lon 
Lxvt, Doctor of Economic Science of the University of Twbingen, Profusx 
of the Principles of Commerce and Commercial Law in King’s College, Lov 
don, FS.A., F.SS., Fe. 


Great as were the difficulties of applying the theoretic principles of politi 
science to publio administration, harder still was the task imposed on the legisac 
when he touched the question of parliamentary franchise, a subject,so intimately 
connected with constitutional rights and political conflicts. Without entering int 
the troubled waters of party politics, the author proposed only to give some stausial 
data as might serve to mature any views on a matter most important to the wel- 
being of the people, remembering that political science is founded on inductive rt- 
soning and on facts drawn from political arithmetic. Upon 8 review of the dee 
toral iawe of different countries, the author stated, that in universal eulirge 
was established in 1852; in Germany the qualifications were birth or nstunl- 
zation in the country, age, which in Prussia and Austria is fixed at 24 yearn, 
dependence, and the payment of a certain amount of taxes. In Spain the lm 
of age is 25, and the tax which a person need pay to have the right to vote ia 
reals, with exemptions for members of scientific bodies or profeasional men b 
Belgium, also, the age of the voter must be 25, and he must pay a tax of 43 fn 
$2 cents. In Italy the age fixed is 25, the tax is 40 fra., and the elector must be 
able to read and write, except in certain provinces especially designated, but ther 
are many exemptions to the condition of taxation in favour of members of acti 


mies, &c. In the United States of America the law differs in each State*. Thesr | 


is generall 21. The payment of any tax assessed within two years is a condita 
in usetts, as well as reading and writing. In Rhode d the voter mos 
own real estate worth $184, or rent $7 per annum; or must pay §1 tax, or bir 
done militia service within the year. Connecticut the voter must be able 
read and write. In Pennsylvania the voter must have paid a tax within two yes 
The same is in Delaware. In North Carolina the voter must possess a freehold of 
fifty acres for six months. In Georgia he must have paid all taxes required of hin 
The time of residence in the State before any one can vote differs also material, 
and distinction is made of colour. Maine, New Hampshire, Vermont, Massachv- 
setts, Rhode Island, and Wisconsin make no legal distinctions on the ground ¢ 
colour. In New York coloured citizens must be owners of a freehold worth 9% 
The other States deny the right of s to the Negro. In the United Kings 
8 difference is made between county and borough electors, the rent of the hou 
or tenement occupied being taken as a basis for the right,—in the county the limit 
being £50; in the borough, £10. The population o land and Wales on th 
Oth of April, 1861, was 20,066,224, of whom 9,776,250 were males, and 10,280, 
females. Taking for granted that women are not entitled to the franchise, politi 
not being their vocation, we have to eliminate first all the female population, «4 
afterwards from the males those under 21, and it appears that the number living d 
21 years and upwards in 1861, was 5,181,548. From this number we must dedi 
12 deaf and dumb, 24,000 in asylums, and 10,000 in hospitals. The blind, 
20,000 in number, need not be excluded, but we may take one per cent. of ia 
ill and bed-ridden, or 50,000. Making these deductions from the number of male 
of age, the number physically able is reduced to 5,045,000. But to be able 
vote, 8 certain amount of intelligence seems requisite, and the least requiremest 
would appear to be ability to read and write. e have no absolute test to asce 
tain who cannot read and write, but the number of persons who sign their m 
register with a cross is a sufficient guide. Now it appears that, in 1861, of 19 
men married, only 75 wrote their names, one-fourth of the whole signing thet 
register with marks. If we take this as a guide, about 1,250,000 should be de- 
ducted for intellectual disqualification. And then there are the paupers, crimi 
army and navy, officers of the revenue, servants, &c. &c., comprising large num! 
incapacitated from moral, social, or official causes. Taking all together we might 

* See Bacon’s Descriptive Handbook of America. ashington Bacos 
and William George Larkies, poo By George W: 
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10t be far wrong in assuming that in 1861 there were not more than about 
3,500,000 absolutely in 8 position to exercise their constitutional right in an in- 
elligent and independent manner, even if some sort of universal suffrage were 
stablished. And if that were the case, should all have equal votes? Should the 
ich and the poor, the largest and smallest contributor to the public revenue stand 
n an equal position P e have no mode of arriving at the wealth of the different 
‘lasses. As to taxes, it is true, that all pay more or less something, yet the 
yroportion is very different. Assuming the population of the United Kingdom at 
‘9,000,000, the proportion may be taken to be 1,000,000 upper classes, 9,000,000 
niddle, 18,000, ower, and 1,000,000 paupers ; and taking the average amount 
if revenue and local taxation at £70,000, , the taxes paid constituted a bur- 
len of £22 per head on the upper, of £3 9s. on the middle, and of £1 Is. per head 
m the lower. In fact 70 per cent. of the revenue was obtained from about 30 
ver cent. of the population. There would be great difficulties in arriving at 
nything like a correct and equitable apportionment of votes in relation to wealth 
nd payment of taxes, especially as we haye no direct public tax sufficiently low 
o include the entire community, and it may be taken for granted that any attempt 
n that direction would be sure to fail for want of data. Abandoning therefore 
ny hope to arrive at an equitable adjustment by any such conclusion, we come to 
he present test of the house rent. The intention of this plan seems to be the 
‘ringing in within the pale of the constitution all those who live in sufficient com- 
ort and affluence as an indication of a sound civil condition. Taking this tes 
ve have the fact that at the time of the census there were 3,730,505 inhabite 
1ouses, producing an estimated rental of £58,013,181, which gave an average of 
315 5s. per house. But of this number, 3,219,514, or as many as 86 per cent., were 
ented under £20; and of these, 459,693 houses only were rented at from £15 to 
(20 ; 822,149 were rented at £10 to £15; 1,277,956 were rented at from £5 to £10; 
ind 659,724 houses were rented at from £3 to £5. The largest number of persons 
ive in very low rented houses, which indicate great discomfort if not wretched- 
1ess ; and this is especially the case in large towns, where house rent has much 
ncreased, as well as in the agricultural and mining districts. Hence it is that by 
his test the largest number are practically disqualified. In fact the number of 
yersons having votes is now less than one million against 5,000,000 males of age, or 
},600,000 of persons free from any personal disqualifications. From several returns 
elating to the economic condition of the people, it appears that the consumption 
f articles of food and comfort has largely increased of late years, that the amount 
leposited with savings banks is much larger, and that the number of children at 
ichool is considerably larger, facts which seem to indicate a large increase of com- 
orts and welfare among all classes. Yet it is evident that there are large masses 
f the people possessing very scanty means and who are very deficient in intellec- 
ual acquirements, and that if the franchise was lowered to rents from £5 to £10 
he number of voters added would be considerable, including probably not a few of 
he lowest class of society. Should such an extension be attempted, a restriction 
ihould certainly be imposed as regards persons unable even to read and write. If 
ve can go no further in the way of imposing an educational test, let it be provided 
hat henceforth at least the franchise shall be given to those only who can sign 
heir own names in the register, an alteration being made for the purpose in the 
nethod of recording the vote at the poll. It should be our aim to hold out the 
‘ight to vote as a premium to self-mastery and frugality ; and if the State cannot 
indertake to educate and elevate the masses of the people, let it at least show 
hat for the exercise of the higher functions of a free man in a free state, the citizen 
nust prepare himself by a life unstained in character, high in moral principle, and 
well-trained and enlightened in the great school of constitutional and political 
rovernment. 
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MECHANICAL SCIENCE. 


Address by Sir W. Anustzone, K.C.B., F.R.S., President of the Section. 


GENTLEMEN,—The Mechanical Section of the British Association is fértunste ths 

ear in having the Annual Meeting held at Birmingham. In no other town m the 
Kingdom are mechanical and manufacturing processes carried on in greater vanety, 
and the Members of this Section cannot fail to derive both pleasure and profit from 
the opportunity thus afforded them of witnessing these manifold branches of in- 
dustry, and of discussing amongst themselves the various objects brought befur 
them. Let it also be recollected that we are here on ground rendered classic x 
the labours of Watt. It was here that he reduced to practice those splendid m—- 
chanical conceptions which have contributed more than anything else to th 
marvellous progress of the last half century. Every relic of the great mechamazs 
which may sere be presented, will excite reverential feelings in our minds, and we 
shall be especially interested in the collection of his original models, wBich I und«- 
-stand are to be submitted to our inspection at the conrersazione this evening = 
the Town Hall. 

The papers to be read to the Section embrace, as might be e ted, matters ef 
great interest and importance, and will, I trust, give rise to much instructive di: 
cussion. Nothing can be more surprising than the recent rapid and still aecel-- 
rating progress of mechanical science, and assuredly this progress is in no sms. 
measure attributable to the facilities afforded by such occasions as the present fx 
& more easy and general interchange of experience and ideas. Amongst the Aye 
to be read I notice one by Mr. Robinson, of Manchester, on the subject Pe 
interesting and most curious apparatus ‘‘ Gifford’s Injector ;” and I anticipate ths: 
Mr. Robinson’s experience enable him to throw additional light upon th- 

aradoxical machine. Should any obscurity remain, it will, I hope, be cleared u 
y the observations which this paper will call forth. 

The subject of hewing coal by machinery will be brought before the Section br 
Mr. Levick. I refer to this subject with much satisfaction, not only on account « 
its importance, but also as being a successful step in mechanical science accom- 

lished during the year which has elapsed since the last Meeting of the Bri: 
ciation. It may be a matter of regret with some persons that the applicati - 
of machinery to this and other similar purposes will operate to deprive labours 
of their employment; but it must be admitted that whatever tends to economix 
human labour in the dark and dangerous recesses of a coal mine, must be a benefit 
to the community; moreover, all experience has shown that although labour mat 
be diverted in its channels by the introduction of machinery, the aggregate amoum 
of employment suffers no diminution, but, on the contrary, seems to increase. 

I regret that we are not also to have a paper on the progress which has bees 
made in puddling by machinery, and I trust that when another year has pase? 
away, the President of this Section will have occasion to notice the attainment .: 
complete success in that desirable object. 

e paper from Mr. Bessemer upon steel cannot fail to be highly valued by «+ 
Section. The growing importance of this material, and its rapidly extendir- 
sphere of usefulness, have attracted attention in a special degree to the question :: 
economy in its production; and certainly no one has contributed so largely as My. 
Bessemer to our advance in this direction. : 

The various papers which are to be read oni deep-sea telegraphic cables will prove 

uliarly acceptable at the present moment, when our interest is so much mi 
in the grand attempt to establish telegraphic communication between England and 
America. Never was there an undertaking which presented such formidable risk: 
and difficulties at the outset; never were more discouraging failures experienced. 
and never were failures encountered with more indomitable co and perseve- 
rance. Such enterprise as this reflects credit, not only upon the Individual pr-- 
ot e rs of the undertaking, but also upon the nation itself. 

The paper promised by Mr. Cox upon Mr. Siemens’s regenerative furnace wi!l 
bring forward a subject the importance of which can in my opinion scarcely b» 
over estimated. Few people are aware of the prodigious waste of heat which take: 
Place in all furnaces where it is requisite to communicate a high temperature to 
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any material. If, for example, 8 mass of material is to be heated to a temperature 
of 2000° by flame of a temperature of 3000°, it is plain that the heating gases m 
in the ordinary furnaces, escape at a temperature equal to that of the material, an 
thus carry off with them a heat which will, when the maximum temperature is 
attained, amount to two-thirds of the whole heat and combustion. The regenera- 
tive furnace arrests a large proportion of this fugitive heat, and adds it to the 
gaseous fuel which supports the combustion of the furnace. Wastefulness must 
always be deprecated in mechanical processes ; but considering how much the great- 
ness of this country is dependent upon her resources of mineral fuel, and with what 
prodigality we are now drawing upon these resources, any wholesale wastefulness 

emands especial reprobation, and renders the introduction of more economical 
methods of consumption a matter of national importance. The regenerative gas- 
furnace not only prevents waste of fuel, but it prevents smoke. Smoke may 
be altogether prevented, and is in fact inexcusable in the case of ordinary steam- 
boiler furnaces; but I know of no means yet introduced by which its prevention 
can be effected in manufacturing furnaces heated directly by coal. gas were 
substituted for coal, and the regenerative principle applied, the nuisance and dis- 
figurement occasioned by smoke would be entirely avoided in nearly all manufac- 
turing processes. But the introduction of gas-furnaces upon so large a scale must 
necessarily be a work of considerable time, and the system itself would probably 

uire improvement and development to render it so widely available. 
might extend my observations to the subjects of other papers to be read before 

you, all of which possess considerable interest; but I feel that little would be 
gained by such an extension of my comments, and that it is better for us at once 
to proceed to the proper business of the Section. 


On Chatn-testing Machines. By Sir W. G. Anmusrrone, F.R.S. 


The machines referred to were constructed for the Mersey Harbour Trustees. 
The most important consideration in the construction of a chain-testing machine 
was to obtain an accurate indication of the strain upon the chain, The hydraulic 

ress had been the means employed of exerting the strain, but the method for 

etermining the amount of strain had been extremely imperfect. Most commonly, 
the strain had been estimated by the indications on a mitred valve pressed down 
by a lever and weight. This mode of indication he considered was highly delu- 
sive, and he pointed out the advantages of substituting a packed loaded plunger 
for the loaded valve. The packing should consist of cup leather, so that the 
friction should vary directly as the pressure. Whena chain broke in the test, it was 
desirable to show not only that it failed to bear the full test strain, but also the 
amount of strain exerted at the moment of fracture. The pendulum indicator has 
now been brought into general use. In this the pressure upon the plunger is 
exhibited by the motion of a pendulum through a graduated arc. When a chain 
broke, the pendulum fell back until stopped by a ratchet, but left a marker at the 
exact point on the scale attained by the pendulum, Having spoken of the effect 
of friction on the results indicated, the author proceeded to say that in the arrange- 
ment of a public chain-testing establishment it was desirable that the apparatus 
for the various operations should be placed in such succession as would allow the 
chains to move from process to process without any retrogression. The Birkenhead 
establishment was then described, in which the machines are adapted to cable 
lengths of fifteen fathoms, the Board of Trade having recently fixed upon that 
length as the limit of chain to be tested at one time. He thought the restriction 
very desirable, and referred to many objections to testing chains in greater lengths. 


Ox the Manufacture of Cast Steel, its Progress, and Employment as a Sub- 
stitute for Wrought Iron. By Henny Bessemer. 

On the 13th of August, 1856, the author had the honour of reading a paper before 
the Mechanical Section of the British Association at Cheltenham. is paper, 
entitled “The Manufacture of Malleable Iron and Steel without Fuel,” was the first 
account that appeared shadowing forth the important manufacture now generally 
known as the Boceemer process. 


166 REPORT—1865. 


It was only through the earnest solicitation of Mr. George Rennie, the then Pre- 
sident of the Mechanical Section of this Association, that the invention was, at that 
early stage of ita development, thus prominently brought forward; and when the 
author reflects on the amount of labour and expenditure of time and money that 
were found to be still necessary before any commercial results from the working of 
the process were obtained, he has no{doubt whatever but that, if the paper at Chel- 
tenham had not then been read, the important system of manufacture to which it 
gave rise would to this hour have been wholly unknown. _ 

A diagram showed in section the original fixed conv vessel, as patented 
and erected in London for experimental purposes in 1856. It was observed ths: 
the tuyeres were passed through the sides of the veasel in a horizontal direction, the 
result was that the blast of air entered only a short distance into the fluid mass, and 
much of it escaped upwards between the sides of the vessel and the metal. The 
effect of this was the rapid destruction of the brick lining, caused by the exceasive 
temperature generated in the process and the solvent property of the resulting sb- 
cate of protoxide of iron, which sometimes destroyed a lining of half a brick im 
thickness during the blowing of two charges of metal for about twenty minutes 
each. Another difficulty arose from the impossibility of stopping the process with- 
out running out the metal ; for if the blowing ceased for one instant, the fluid metal 
would run into the tuyeres and stop them up. 

A great inconvenience of the fixed vessel also arose from the danger and difficulty 
in tapping out the fluid malleable iron with a bar, after the manner of tapping an 
ordinary cupola furnace, for the blast had to be continued during the whole time 
the charge was running out of the vessel in order to prevent the remaining portions 
from entering the tuyeres. A similar difficulty arose while running in the crade 
metal from the melting furnace, since it was neceseary to turn on the blast before 
any metal was run into the vessel ; the first portions so run in were in consequence 
partially decarbonized before the whole of the crude metal had left the melting-far- 
nace. ; 

These were among the more prominent difficulties that had to be remedied. It 
is, however, satisfactory to know that even in this, its infant state, the process and 
apparatus were practically successful, in proof of which there is placed upon the 
table part of a malleable iron railway bar made from pig iron, at Baxter House, bs 
blowing air through it in the apparatus just described, the fluid malleable iron 
having been run into a 10-inch square ingot mould and the bloom so made rolled 
direct into the bar shown. The small malleable iron-forged gun will serve as an 
example of the clearness and freedom from cracks or flaws in malleable iron eo made 
and forged under the steam-hammer. It is one of the very early productions of the 
process, and, like the malleable iron rail, was made wholly without any recarbo- 
nizing of the metal, or the employment of spiegeleisen or manganese in any form 
whatever. Malleable iron so made from hematite pig iron is red-short, like all other 
wrought iton made wholly from hematite; but that it is perfectly malleable and 
extremely tough when cold, may be seen on examination of the iron rope exhibited, 
which consists of four rods of 14-inch round iron twisted cold into a close coil. 
These bars extended 18 inches in length in 4 feet, and were reduced nearly } inch 
in diameter in the operation of twisting, thus showing that malleable iron so made 
possesses an extrao inary degree of ductility. 

It may be remembered that an important part of the process, as described at 
Cheltenham in 1856, consisted in tapping the fluid crude iron from the blast-fur- 
nace, and allowing it to flow directly into the converting-vessel, and be there blown 
to the extent only of decarbonizing it so far as to produce cast steel. This of 
the original programme has been most successfully carried out in Sweden, where an 
extensive establishment for its manufacture has been erected by M. Goranason, of 
- Gefle. The large steel circular saw plate exhibited is an example of the conversion 
of crude cast iron run direct from the blast-furnace into the converting-vessel, and 
there blown for nine minutes, in which period it had been converted into cast stec! 
of the desired uality, and was then poured into an ingot mould without being re- 
carbonized, and wholly without the employment of spiegeleisen or manganese in 
any form whatever. 

ith these few illustrations of the capabilities of the process as originally de- 


TRANSACTIONS OF THE SECTIONS. 167 


acribed at Cheltenham, the author proceeded to show how the disadvan of 
the old fixed converting-veesel were remedied and other improvements introduced. 
Many forms of converting-veseels were tried on the large scale before this desirable 
object was attained. In some of them the lining was too easily broken down by 
the violent motion of so heavy a fluid as iron; in some of the forms tried the an- 
gles allowed the metal to solidify in them, and so clog up the vessel ; in others, the 
mouth of the vessel being too small, caused the metal to be thrown out by the force 
of the escaping blast. It was also found that if the mouth was too large the heat 
escaped, so as to cause part of the converted metal to solidify in the vessel; the re- 
lative height and diameter of the vessel was also found to produce important dif- 
ferences in the working of the process; finally, and after many long and expensive 
trials, the form of vessel shown in a di was adopted. is vessel is made in 
two parts, so as to admit easily of its being lined up with a pulverized siliceous 
stone, known as ‘ ganister,’ which so resists the action of the heat and slags as to 
last for fully 100 consecutive charges of steel before it is worn out. Ite form is that 
of the arch in every position which prevents the lining from falling down by its 
own weight. There are no angles in which the splashes of metal can solidify and 
accumulate. Its mouth directs the flame and sparks away from the workman, and 
from the moulds and other apparatus; while the throat of the vessel, and the posi- 
tion of the mouth, almost entirely prevent the throwing out of the metal. The 
vessel is mounted on trunnions supported on stout pedestals, eo that a semirotary 
motion may be communicated to it at pleasure. The tuyeres are placed at the bot- 
tom of the vessels, so as to force the air vertically upward through the metal, as 
shown, without coming in contact with the sides of the vessel. en the crude 
metal is to be run into the vessel, it is turned on its axis nearly into the position 
shown, the mouth being a little higher up; a gutter will then conduct the crude 
cast iron from the melting-furnace into it. It is not necessary to tum on the 
blast until the whole of the metal is run in, because the tuyeres occupy a position 
above the level of it. As soon as the air is admitted through the tuyeres, the 
vessel is turned into the position shown, when ite decarbonization immediately com- 
mences. As soon as this is effected, as much molten pig iron made from spathose 
iron ore is added to it as will restore the quantity of carbon necessary to produce 
the desired quality of steel, which is then run into the casting ladle in the manner 
shown, and from whence it is transferred to a series of iron moulds ranged in a 
semicircular pit, each mould being placed within the sweep of the casting-craneo ; 
‘the filling of these moulds is regulated by a cone valve made of fireclay and fitted 
in the bottom of the casting-ladle, so as to be opened or shut at pleasure by means 
of a handle on the outside of the ladle. 

It will be readily understood that in the fixed vessel first described any giving 
way of a fireclay tuyere would stop the process and cause much inconvenience ; 
but with the moveable vessel it is not so, for at any moment of time during the 
process the vessel may be turned on its axis and the tuyeres raised above the level 
of the metal; the blast may then be turned off, the tuyere box opened, and the 
faulty tuyere stopped up or removed, after which the process may be again resumed. 
The movement of the vessel on its axis, the rise and fall of the casting-crane, and 
the other cranes employed for removing ingots from the casting-pit, are all effected 
by a simple hydraulic apparatus, so that the whole process is under the perfect con- 
trol of a single operator, placed far away from the heat and showers of splashes that 
accompany the process. 

Up to this period the manufacture of cast steel by the old as well as the new 

rocess is still so far imperfect that steel of the highest quality cannot be made from 
inferior iron. In the old Sheffield process the original quality of the Swedish char- 
coal iron employed governs the quality of the cast steel made; consequently £36 

Fr ton is freely given for the high class Danamora iron, while other brands of 
E vedish charcoal iron may be bought for £15. In either case these are expensive 
raw materials for the cast-steel maker. 

In 1839 the trade of Sheffield received an enormous impulse from the invention 
of Josiah Marshall Heath, who patented in this country the employment of metallic. 
manganese, ar, as he called it, ‘carburet of manganese.’ The addition of a small 
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quantity of this metal, say from one-half to one per cent., rendered the inferior coke 
made irons of this country available for making cast steel; it removed from thez 
inferior qualities of iron their red-shortness, and conferred on the cast steel a mace 
the property of welding and working soundly under the hammer. This inventica 
was of immense importance to the town of Sheffield, where its value was at ax 
appreciated. Mr. Heath, supposing himself secure in his s patent, told his licenses 

at if they put oxide of manganese and coal tar or other carbonaceous matic: 
into their crucibles along with the blister steel, it would do as well, and be mri 
cheaper than the carburet of manganese he was selling them; in effect it was th 
same thing, for before the steel was melted the carbon present reduced the onde f 
manganese to the metallic state, so that his patent carburet of manganese was formed 
in the crucible in readiness to unite with the steel as soon as it became Perk 
fused. But the law decided that this was not Heath’s patent, and so the & 
people of Sheffield, after many years of litigation, were owed to use it witha 
remuneration to the inventor. 

Manganese has now been used for many years in every cast-steel work 2 
Europe. It matters not how cast steel is made, since manganese added to it nev 
sarily produces the same beneficial changes; no one better appreciated this fs 
th e unfortunate Mr. Heath, as evidenced by his patent of 1889, in which & 
declares that his invention consists in ‘the use of carburet of manganese in a 
process whereby iron is converted into cast steel.’ Had Heath seen im his owner 
the Bessemer process in operation, he could not have said more; he well knew tk 
effect produced by manganese on steel, and therefore claimed its employment in a 
process whereby iron is converted into cast steel. . 

With this patent of Heath’s expired and become public property, coupled wih 
the universal addition of manganese and carbon to cast steel, it would naturally be 
supposed that the author, in common with the rest of mankind, would have fees 

owed to share the benefits which Heath’s invention had conferred on the whe 
community; but it was not so. 

The reading of the author's paper at Cheltenham in 1856 was, by the ower 
agency of the press, communicated in a few days to the whole country. (rest «- 
pectations of the value of the new process were formed, both by scientific and par 
tical men, in proof of which it may be stated that licenses to manufacture malleable 
iron under the patent were purchased by ironmasters to the extent of £25,000» 
less than twenty-five days from the reading of the Cheltenham paper. (reat ei 
citement existed at that moment in the iron trade, and many persons seemed te 
covet a share in an invention that promised so much; there was consequently! 
general rush to the patent office, each one intent on securing his supposed improv 
ment. It was thought scarcely possible that the original inventor should at t 
very outset have secured in his patents all that was nec to the success of # 
entirely novel a system, he must surely have overlooked or forgotten somethig: 
perhaps even left out all mention of some ordinary appliance too well understo! 
to need really mentioning ; so in the jostle and hurry to secure something, any pom 
on which a future claim could be reared was at once patented. Some of theee get 
tlemen even repatented portions of the writer’s own patents, while others patent-¢ 
things in daily use, in the hope that they might be considered new when added « 
the products of the new process. 

ithin six weeks of the date of the Cheltenham paper, Mr. Robert Mush 

had taken out three patents, which form part of that long series of patents by which 
he hoped to secure to himself the sole mght to employ manganese in combinatie 
with iron or steel made from pig iron by forcing atmospheric sir through it. 1 
this long series of patents almost every conceivable mode of introducing mangane< 
into the metal is sought to be secured. It was claimed if used in combination with 
pitch, or other carbonaceous matter; it was claimed if simply used in the metallic 
orm, or as Mr. Heath calls it, a carburet of manganese; it was also claimed i 
combined with iron and carbon—as in spiegeleisen. Manganese, in any of the® 
states of combination, was claimed if putin with the metal prior to the commente- 
. ment of the process; it was claimed if put in during the contimation of the pr 
cess, and claimed if added to the steel after the process had been completed ; it ¥# 
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also claimed if put into any furnace, crucible, or vessel that the converted metal 
maight be run or poured into; in fact manganese and its compounds were so claimed 
under all imaginable conditions that if this series of patents could have been sus- 
tained in law it would have been utterly impossible for the author to have employed 
manganese with steel made by his process, although it was considered by the trade 
to be impossible to make steel from coke-made iron without it. 

In the ‘ Mining Journal’ of September 24th, 1853, just four years before the first 
of Mr. Mushet’s series of patents, a letter was published on the subject of Heath’s 
invention. The writer of that letter says, “fF am a steel maker, and deny that 
steel was ever made with the addition of carbon and manganese or carburet of 
manganese previously to Heath’s invention, and I confidently assert that no cast- 
steel maker can now carry on his business to profit without the aid of carburet of 

ese. There are,” he says, “a hundred methods of improving steel with 
manganese, but they all involve the same principle. Put carbon and manganese 
into the steel pot in any form you please and at any time you like, and if the steel 
be thoroughly melted, the carburet of manganese melts also and is alloyed, and the 


improvement is unerringly effected, and by the use in every instance of carburet of 
manganese.” 


This letter clearly shows how well the subject was understood in the steel trade 
thirteen years ago. 
Very soon r the reading of the Cheltenham paper several rough trials of 


the Bessemer process were made privately by persons in the iron trade, and defects 
discovered which were supposed by practical men to be perfectly fatal to the inven- 
tion. Once more the press teemed with accounts of the process, but this time it 
spoke only of ita utter impracticability. and of regrets that the high expectations 
originally formed were so fallacious.. The storm, however, gradually subsided, and 
the process and its author were soon entirely forgotten. Imperfections in the pro- 
cess there certainly were, but the author had had the most irrefragable proofs of 
the correctness of the theory on which his invention was based, and also that the 
reasoning on which it was eo utterly condemned by the trade was in itself wholly 
fallacious; he therefore decided not to argue the question against a hundred pens, 
but to energetically prosecute his experiments and to remain silent until he could 
bring the process to a commercial success. When, at the expiration of about three 
years of incessant labour on the part of himself and his partner, Mr. Longsdon, and 
an expenditure of more than £10,000, the process was again brought before the 
public, not the slightest interest was manifested by the e: it had been for years 
agreed on all sides that it was a total failure, and was looked upon simply asa 
brilliant meteor that had suddenly flitted across the scientific horizon, leaving the 
subject in more palpable darkness than before. This entire want of confidence on 
the part of the trade was most discouraging; one of two things became imperative, 
either the invention must be abandoned, or the writer must become a steel manu- 
facturer; the latter alternative was unhesitatingly accepted, and Messrs. Henry 
Bessemer and Co. determined to erect a steel works at Sheffield, in the very heart 
of that stronghold of steel malcing. At these works the process has ever aince been 
successfully carried on; it has become a school where dozens of practical steel 
makers received their first lessons in the new art, and is the germ from which the 
process has spread into every state in Europe, as well as to India and America. 

By the time the new works at Sheffield had got into practical operation, the 
invention had sunk so low in public estimation that it was not thought worth pay- 
ing the £50 stamp due at the expiration of three years on Mr. Mushet’s large batch 
of manganese patents; they were consequently allowed to lapse and become pub- 


lic property. ' 
he author has therefore used without scruple any of these numerous patents for 
manganese without feeling an overwhelming sense of obligation to the patentee. 

At the suggestion of the author works for the production of manganese alloys 
were erected by Mr. Henderson at Glasgow, who now makes a very pure alloy of 
iron and manganese, containing from twenty-five to thirty per cent. of the latter 
metal, and possessing many advantages over spiegeleisen, which it will doubtless 
replace. Two bright rods of 1} inch diameter were placed on the table, they 
were folded up cold under the hammer. This extremely tough metal is made by 
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using Mr. Henderson’s alloy in lieu of spiegeleisen, which is incapable cf making 
steel of such a quality. 

A Prussian gentleman, Herr Prieger, has been also succeseful in man a 
new alloy, which he calls ferro-manganese, consisting of sixty to eighty per cent. 
of metallic manganese. It is extremely useful in making malleable i 


@ iron by th: 
Bessemer process, in which spiegeleisen cannot be employed on account of the large 
Proportion of carbon it contains. 

t is gratifying to turn from a review of the troubles and impediments of the 
past and briefly notice some of the more important applications of steel as a subsi- 
tute for wrought iron. 

In no case is this change of material more important than in the constructim 
of ships, for in no instance are strength and lightness more essential. 

The Bessemer cast steel made for ships’ plate by the several eminent firms now 
engaged in that manufacture is of an extremely tough and ductile quality, while it 
possesses a degree of strength about double that of the inferior kind of iron plates 
usually employed in shipbuilding, hence it is found that a much less weight cf 
material may be employed, and at the same time a greater degree of 8 may 
be given to all parts subjected to heavy strains. 

ost prominent among the builders of steel ships is the firm of Jones, Quiggi 
- and Co., of Liverpool, who have now constructed no less than 31,510 tons of ship 
ing, wholly or partially built of steel. Of these thirty-eight vessels are propelled 
by steam with an aggregate of 5910 horse-power ; besides this the principal masts 
and spars of eighteen sailing ships have been made by them wholly of steel. 

Vessels of a large size, constructed to Class Aa twelve years at Lloyd’s, weigh, 
when built of iron, about 12 cwt. per ton measurement, whereas similar veasels 
built of steel weigh only about 7 cwt. per ton measurement ; thus an iron ship, to 
take first-class at Lloyd’s for 1000 tons measurement, would weigh 250 tons mor 
than a steel one of the same class. Such a vessel could therefore take 250 tons, or 
25 per cents, more freight at the same cost, or could avail herself of the difference 
of ersion to leave or enter port when the tide would not permit an iron veael 
to do so. As a steamer she would 250 tons more of coal, and thus be enabled 
to lengthen her voyage or take her coal for the return trip. The two steel feidie 
wheel steamers launched at Liverpool by Messrs. Jones and Co., on the 18th ult., 
for Dublin and Liverpool service, will draw from 3 feet to 4 feet less water than 
iron steamers built on the same lines; and being thus enabled to leave part at all 
states of the tide, will not require a tidal train in connexion with them. If the 
employment of steel for the construction of merchant vessels is found to be eo im- 
portant, how much more so is it for ships of warP Some of the larger class of 
armour-plated vessels require 6000 tons of iron for their construction, and an addi- 
tion of 1800 tons in the shape of 44-inch armour plates. Now, if the frames and 
inner skin of such a vessel were constructed of steel, it would be much 
even if reduced to 4000 tons in weight; this would admit of 9-inch armour plates 
being used in lieu of 44-inch, and would still leave the vessel 200 tons lighter than 
the present ones, and hence, as the resistance of the armour to im is as the 
square of the thickness of the plate, we should have a vessel capable of resisting 
four times the force of those at present constructed, while it would be 200 tons 
less in weight. 

These important facts have not escaped the attention of Mr. Reed, our present 
talented constructor of the navy, and we shall doubtless soon have substantial 
proof of what may be effected by the employment of steel in the construction of 
ships of war. 

The application of steel for projectiles has now become a necessity since the 
introduction of armour plates. @ have before us a 110-]b. shot that has 
with very slight injury to itself through a 5-inch armour plate, and also come spe- 
cimens of bent angle-iron, made of Bessemer iron, and relled at the Millwall Iron 
Works in London, and from the same works a portion of one of Hughes's t 
hollow steel beams for supporting the armour plating in course of constraction for 
the forts at Cronstadt: both these are interesting examples of what the rolling 
mills of the present day can effect, and of the facility with which cast malleable 
iron and cast steel admit of being worked into the most difficult forma. 
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There is no department in engineering in which the peculiar toughness of steel 
and its strength and power of resisting wear and abrasion are of such vital impor- 
tance as in its application to raviway P oses. This fact had long since impressed 
itself strongly on the mind of Mr. Ramsbottom, of the London and North Western 
Railway, who commenced experiments with this material in 1861 ; carefully, though 
trustingly, he tried it step by step, not even at first venturing to employ it for pas- 
senger trains, but as proofs of its safety and economy crowded upon him, he care- 
fully applied it to the most important parts of passenger engines, and even to the 
manufacture of the formidable engine cranks (at the time entrusted only to the 
most eminent iron-making firms in the kingdom) ; these iron cranks are now being 
replaced by steel ones forged from a single mass. One of these steel cranks, manu- 
factured at the new steel works at Crewe, has been obligingly lent by Mr. Rams- 
bottom as an illustration of the use of steel for this purpose; that gentleman has 
also taken out of use a plain steel axle that has run a distance of 112,516 miles, and 
now exhibits very slight signs of wear. 

The tires of wheels, on which so much of the public safety depends, were then 
tried, but the exact amount of difference between the endurance of wrought iron 
and Bessemer steel for this purpose is not yet ascertained, as none of these steel 
tires are yet worn out; but enough has been shown to prove the advantage of en- 
tirely rep ing iron by stee! for this purpose. ° 

In order to show how a steel tire will resist the most violent attempts to pro- 
duce fracture, an example is given of a steel tire manufactured by Messrs. Bessemer 
and Co., of Sheffield; it was placed on edge under a six-ton steam-hammer, and 
subjected to a series of powerful blows until it assumed its present form, that of a 
figure of eight, a degree of violence immensely more than it could ever be subjected 
to in practice. These tires are made without weld or joint, by forging them from 
& square ingot partly under the improved plan invented by Mr. Ramsbottom, and 
partly by an improved mode of flanging and rolling, invented by Mr. Allen, of the 

semer Steel Works, Sheffield. 

So important were found to be the advantages of employing cast steel as a sub- 
stitute for wrought iron at the works of the London and North Western Railway 
Company, that the directors, acting under the advice of their able engineer, deter- 
mined on building large steel works at Crewe, which are now in active and suc- 
cessful operation. In the. design and arrangement of their plant for working up 
the steel several important improvements have been introduced b Mr. Ramsbottom, 
among others his duplex hammer, which strikes a bloom on both sides of the ingot 
at once, in a horizontal direction, and thus renders unnecessary the enormous foun- 
dations required for ordinary hammers. Here also he has put up his improved 
rolling mill for rolling blooms of large size, the enormous machine being reversed 
with the greatest rapidity and ease by the attendants, without any shock or con~ 
cussion whatever. 

While matters were thus steadily progressing in the engine department of the 
Company, the engineer of the permanent way, Mr. Woodhouse, took in hand a 
thoreugh investigation of a no less important problem, viz., the substitution of cast 
steel for wrought-iron railway bars. For this purpose some 500 tons of rails were 
made, and put down at various stations where the traffic was considerable, so as to 
arrive, at the earliest period, at a true comparison of the respective endurance of 
wrought-iron and cast-steel rails. It will be unnecessary here to enter into the 
numerous details of the extensive series of experiments systematically carried out 
by Mr. Woodhouse; the trials made at Camden will ce to show the extraor- 
dinary endurance of steel rails. It is supposed that there is not one epot on any 
railway in Europe where the amount of traffic equals that at the Chalk- bridge 
at Camden Town. At this spot there is a narrow throat in the line, from whic 
converges the whole system of rails employed at the London termini of this great 
railway. Here all passenger, goods, and coal traffic have to pass; here also the 
making-up of trains and shunting of carriages is continually going on. At this 
particular spot two steel rails were fixed on ay 2nd, 1862, on one aide of the line, 
and two new iron rails were on the same day placed precisely opposite to them, 80 
that no engine or carriage could pass over the iron rails without passing over the 
steel ones also. When tho iron rails became too much worn to be any longer safe 
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for the passage of trains, they were turned the other way upwards, and when the 
second side of the iron rails were worn as far as the safety of the traffic would 
allow, the worn-out rail was replaced by a new iron one—the same process being 
repeated as often as was found necessary. Thus wo find, at the date of the lat 
report on March Ist, 1865, that seven rails had been entirely worn out on both 
faces. Since then another rail has been worn out up to July, making sixteen fac-s 
worn out, the seventeenth face being in use on August 22nd, when the steel r:. 
that had been placed opposite to them was taken up in the presence of the writcr, 
and, by the kind permission of Mr. Woodhouse, was placed on the table before the 
meeting. The first face of the rail only has been used, and this is now become 
much thinner than it was originally, but, in the opinion of the platelayers, is still 
capable of wearing out another half dozen faces. Taking its resisting powers st 
three more faces only, it will show an endurance of twenty to one in favour cf 
steel. 

Mr. Woodhouse has ascertained, by careful and continued testing for twenty- 
four hours at a time, that an average of 8082 engine tenders or carriages pass ov: 
the steel rails every twenty-four hours, equal to 16,164 wheels every day for 1207 
days, making a total of 9,754,974 wheels passed over the rail. Subject to ths 
_ excessive wear, the rail appears to have been reduced 7} lbs. per yard, hence for 
every grain in weight of steel lost by abrasion, no less than 371 wheels had to pas 
over it. Another steel rail, put down also in May 1862, at a place much less sub- 
ject to wear, has had four faces of iron rails worn out opposite to it, and still ap- 
pears as if very little used ; this rail was also placed on the table. An iron rail wears 
out by the giving way at various parte of the imperfectly welded mass, and not br 
the gradual loss of particles of metal, as in the case of the steel rail, which no 
amount of wear and tear seems capable of disjointing. It must be borne in mind 
that this enormous endurance of cast steel is not owing to its hardness or brittle 
ness, a8 some have supposed, for, in fact, Bessemer steel possesses an extreme de 
gree of toughness. There was before the Meeting an example of this fact ; one of tke 
same quality of steel rails having been attached at one end to the main driving shaft 
of a steam-engine so as to twist it while cold into a long spiral, m ing 9 feet in 
length at top and bottom, and only 6 feet if measured along the centre of the web. 
A single glance at this spiral rail will, it is presumed, dispel any idea of brittleness 
that may have been entertained. ; 

In conclusion it may be remarked that cast steel is now being used as a sub- 
stitute for iron to a great and rapidly increasing extent. 

The jury reports of the International Exhibition of 1851 show that the entire 
production of steel of all kinds in Sheffield was, at that period, 35,000 tons annually, 
of which about 18,000 tons were cast steel, equal to tons per week; the few 
other small cast-steel works in the country would probably bring up this quantity 
to 400 tons per week as the entire production of cast steel in Great Britain. The 
jury report also states that an ingot of steel, called the ‘ monster ingot,’ weighing 
24 cwt., was exhibited by Messrs. Turton, and was supposed to be the t mass 
of steel ever manufactured in England. Since that date a great ch as been 
made, for the largest Bessemer apparatus at present ereeted in Sheffield, at the 
works of Messrs. John Brown and Co., is capable of producing with ease every four 
hours » mass.of cast steel weighing 24 tons, being twenty times larger than the 
‘monster ingot’ of 1851. Oy 

There are now seventeen extensive Bessemer steel works in Great Britain. At 
the works of the Barrow Steel Company 1200 tons per week of finished steel can 
easily be turned out, and when their new converting-house, containing twelve more 
five-ton converters, 1s completed, these magnificent works will be capable of pro- 
ducing weekly from 2000 to 2400 tons of cast steel. There are at present erected 
and in course of erection in England no less than sixty converting vessels, capable of 
producing from three to ten tons at asinglecharge. When in full and regular ope- 
ration these vessels will be capable of producing 6000 tons of steel weekly, or equal 
to fifteen times the entire production of cast steel in Great Britain before the in- 
troduction of the Bessemer process. The average selling price of this steel is at 
least £20 per ton below the average price at which cast steel was sold at the period 
mentioned. With the present means of production, therefore, a saving of no less 
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than £6,240,000 per annum may be effected in Great Britain alone even in this 


infant state of the Bessemer steel manufacture. ‘ 


Weldless Tyres, Circular Rolling, and Railway Wheels. 
By F. I. Bramwet. 


The paper was not intended for engineers only, but was also addressed to those 
who are not intimately acquainted with { the details of the manufacture of tyres and 
wheels as hitherto pursue 

The paper gave an account of some of the principal modes employed in the 
manufacture of tyre hoops prior to the use of weldless tyres, and pointed out the 
defects of those modes, and alluded to plans that have been adopted to prevent 
accidents arising from their use. 

The paper then gave a description of the means by which weldless tyre hoops 
are now made by some manufacturers, referred to Bodmer’s circular rolling, and 
entered into the details pursued in working tyre-making machinery principally 
designed by the writer. 

The paper then referred shortly to the manufacture of steel tyres by circular 
rolling, and showed that that mode of rolling is applicable to the making of boilers 
and other articles. 

The paper then considered th question of making straight or level or flat bars, 
rails, or plates, by the use of circular rolling in the tirst instance to form a hoop, 
which hoop is to be cut open and laid out flat to make the bar, rail, or plate. 

The paper then refe to the principal kinds of railway wheel-centres in use, 
and stated the nature of Arbel’s improvement in the manufacture of entire wrought 
wheel-centres, and Lahousse’s mode of making an economical wrought wheel-centre, 
which is arrived at by dispensing with the necessity of requiring the spokes to be 
got to a welding heat, and described how these modes of Arbel’s and Lahousse’s 
are practically used. 

@ paper was illustrated by several diagrams, 


On Railways in War. 
By General Sir J. F. Burgoyne, Bart., G.C.B., D.C.L., F.RS. 


The paper opened by stating that railways would have an important effect on 
‘war, and that it was a matter of interest to ascertain the means of obtaining the 
greatest advantage from them, and what would be their precise capabilities. 
A. vague idea existed that armies could be transported from place to place and to a 
seat of war with the same facility and speed as ordinary travellers, whereas there 
were many circumstances connected with the conveyance of the former which 
would show any such comparison to be quite fallacious. With regard to a small 
body of infantry, there was no reason why this should not be the case; but with 
large forces, and with cavalry and artillery, and all the accessories of an army, its 
baggage, camp equipage, spare ammunition, its waggons, &c., enormous means would 

required, and difficulties would arise which called for study and consideration to 
reduce them toa minimum. How to adapt the ordinary railway passonger and 
horse carriages and trucks in the best manner to the transport of troops of all kinds, 
and how to get the troops most rapidly in and out of them, would be easily ascer- 
tained, if it Shad not been so already ; the great desideratum was to define how 
1 forces could be moved in greatest strength, with the most rapidity, on single 
railways or by a limited number of lines; for it was on these calculations, having 
under consideration the several lines which could be brought to bear on the opera- 
tions, that the generals in command must arrange their plans. The basis for 
consideration would be: What could be done by any one line of railway with its 
ordi means, or aided by additional means from other lines of the same ga 
with which it was connected, on the same level, and which might not have the 
same pressure on them? To afford an idea of what might be required, it might be 
assumed that the officers and soldiers would occupy the space of ordinary travellers, 
and consequently it would become a question how many passenger carriages, in how 
many trains, each drawn by one locomotive, would be required to convey 1000 men, 
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with their officers; and how many horses of cavalry, artillery, and for staff of in- 
fantry regiments, one truck would carry. The guns and equipments of each batters 
of field-pieces, with number of trucks n to carry them, should be defined 
as well as the number of horses per battery of horse or foot artillery. To give x 
idea of the amount of conveyance required for such forces, on one occasion, to tran: 
port a battery of field-pieces, with its horses and carriages, and about 500 cavalry. 
merely to a review, no less than six trains were required, consisting each of thirty 
railway carriages. Viewing the very large means necessary for moving any bet 1 
very moderate force, the em sments which would attend the undertaking, an 
the rapid succession required to be effective, it became a matter of much inters 
for railway engineers to consider and define how arrangements could be made zn 
providing, stationing, and working the trains that would tend to facilitate the s- 
vice, and what, with the adoption of these measures, would be the capabilities of 
conveyance of troops of given strength to given distances in given times on em: 
nt occasions on any one railway ; whether, for instance, as the great traffic wou! 
in one direction, both lines of rails might not be used for it for certain distances 
under the best arrangements which can be made for the return of carriages, & 
These researches are required not only to ascertain the best modes of accelerating t' 
movements, but also to come to a clear understanding as to what, even when dalr 
organized, can be obtained from railways in rapidity of transport for large bodies 
It is manifest that, as they approach the scene of action, the railways would have 
leas influence on the immediate theatre of warfare itself; it would be somewhs? 
dangerous to trust to them at all under the chance of the enemy interrupting the 
communication between the divisions and resources of the army. For hort dis 
tances there would rarely be much advantage, as regards time, in moving ty 
them, on account of the time required for getting to and away from the railwar. 
and into and out of the carriages. Their great advantage would be for concentrating 
troops and means, by converging lines, from the interior to some appropriate point 
forming a basis of operations; for gradually bringing up reinforcements and other 
resources to the rear of the army; and for the speedy and better removal of sick 
wounded, prisoners, and all incumbrances. They would also be particularly favour 
able to retreating forces, by expediting their movements ; while, by the destructive 
of the lines behind them, the enemy would be deprived of any use of them. The 
ial destruction and the repairs to railways will’ hereafter be an engineering dutr 
or which the service should Fe prepared. 

Every railway, even in the vicinity of the operations in a campaign, will be of 
much value, so long as it can be used without r of interruption, and therefore 
it becomes a subject of interest to possess a knowledge of the best means for thei: 
destruction, and how to apply them in cases where the lines are likely to fall inte 
the hands of the enemy; or for reestablishing any that may have been more or les 
injured. It is clear that a portion of a railway might be for hours in temporary 
possession of a part of an army, who might, from ignorance, or want of some trifling 
means, be unable to take advantage of the occasion, and thus would leave it to be r- 
possessed by its enemy in perfect order, when, by due instruction and a little pr- 
paration, an influential amount of damage might have been done to it. The mili- 
tary engineers of an army have attached to them in the field a selected assortment 
of the most useful implements for the different services most frequently required of 
them, the proportions of which they vary according to the prospect of the nature 
of the approaching engineering operations, such as for sieges, entrenchments, de- 
struction or repairs of roads and bridges, mining, &c.; and they are practised in the 
best modes of a plying whatever means may be at hand for their purpose. To these 
must now be added what is applicable to the destruction and reestablishment of 
railwa In damaging a railway to impede the progress and available means of an 
enemys army, the object will of course be to do as little injury to a great conve- 
nience of the country as is consistent with the primary consideration of crippling 
the military resources of the enemy for the time. Should the exigencies of the pe- 
riod justify extensive damage, it will be done by blowing in tunnela, bridges, via- 
ducts, or embankments, by mines and processes as practised by military engineers, 
with regard to the old routes, to the extent that circumstances will allow and may 
admit. The object for consideration, however, here is, how the peculiarities of s 
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railway can be dealt with to most effect, in & summary manner, with little time and 
amall means. Taking it, then, as a question rather of di tling than of destroying, 
the first measure would be the taking up and destroying of the rails. This would 
be easy enough to a party of railway navvies provided with their apparatus; but 
what we require is, some instructions and practice given to soldiers how to do as 
much as possible with the smallest means. Thus, instead of being, as at present, 
from ignorance, perfectly helpless, they might be taught, under previous instruction, 
. that even a few stray articles for implements, such as might be found in an adjoin- 
ing house, as might be described, could, on an emergency, be made available to 
some extent. Possibly it could be shown that, after a first rail was removed, the 
very article itself, with the sleepers, &c., might be used to extend the 
. Another question would be, having in view the possibility of obtaining a temporary 
_ power over a railway which is of service to the enemy, what very small and 1 most 
portable assortment of implements might be carried with any detachmen 
accompanied, if ible, by a few Sappers that would aid such a p ing, al 
what would be the most effective process; and if the implements could be such as 
enter into the assortment forming part of the engineer field-equipment, required for 
other purposes, all the better. e rails being raised, the best disposition of them 
would be clearly to carry them away altogether; but it is very improbable that 
there would be available means of conveyance to render that practicable. The next 
most easy resource would be to scatter, hide, or bury them ; but if it could be shown 
how they could be broken or rendered unserviceable, the effect would be still 
greater. The destruction of the sleepers would be much more easy, but the effect 
would be leas, and the removal of the chairs, from their portability, would be easy 
and also valuable for the object. With regard to the reinstatement of a dam 
line, it would be instructing to know whether any temporary expedients could be 
adopted for the passage of locomotives and carriages, or even of the carriages only, 
across the places where the rails may have been removed, till new rails can be pro- 
cured; and, if so, what those expedients may be, and how to be applied. One re- 
source might be available in double lines, namely, to dismantle one of the double 
rows, from the nearest part untouched, to make good a thorough communication 
for at least one single line. It will be very desirable to obtain from railway engi- 
neers a consideration of all these matters, and special instructions drawn up on all 
expedients that can be suggested, in which the troops, but more particularly the 
engineer soldiers, might be subsequently practised ; nothing of the kind, it is be- 
lieved, having yet been undertaken. 


On a Pneumatic Hammer. By G. Burt. 


This hammer does not approach the power of a steam-hammer of the same total 
weight, nor would it take the place of the steam-hammer for general smith’s work. 
The advantages claimed for it were that it was very simple, especially in its single- 
acting form, as shown by a model; that there were no valves in constant motion 
and wear; that the momentum of the driving parts connected with the crank- 
shaft was very small, on account of their small extent of motion (a throw of 1 inch 
only being given to the 10-inch piston); that the wear on these parts was con- 
sequently very slight, also owing to the elastic nature of the medium between the 
driving and driven pistons; that there was an absence of all dropping of condensed 
steam, such as would invariably be caused by the use of a steam-hammer. 


On Torbite (a new Preparation of Peat) and its Uses. By D. K. Cran. 


The object of the paper was to describe the system pursued at Horwich, near 
Bolton, for the manufacture of torbite and charcoal from peat. The obstacles 
hitherto to treating peat for the manufacture of fuel were shown to consist chiefly 
in the difficulty of separating, at a moderate cost, the excessive proportion of 
water held in suspension by peat in its natural condition, in consequence of the 
uncertainty of the climate and the great amount of hand-labour employed, and in 
the impossibility of efficiently condensing and solidifying t by mechanical com- 
preesion, which has been the: agency relied on for that object. The author then 
axplained that, according to the Horwich system of treatment, compression by 
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mechanical force in any manner is studiously avoided ; and that, on the contnr, 
advantage has been taken of the natural property of peat, suitably ! 
contracting as it parts with its moisture, and becoming perfectly id and cobe- 
sive. To separate the water, the peat travels upon endless banda, withinad~— 
chamber, exposed to currents of heated air, by which the moisture is efietul 
extracted ; the blocks of peat being turned up on all sides in succession, s0 83 to 
equally and regularly dried, and emerging dry, hard, and dense. To the pest a: 
stance thus prepared the name of “‘torbite” has been given; and it was sa 
that it could be delivered at a cost of from 10s. to 12s. per ton. In the subseque:: 
stage, the conversion-of the torbite into charcoal, it was pointed out that the fi 
and other matters disengaged during the charring process were valuable comm 
cial products, the sale of which alone would nearly cover the cost of the vb. 
process. Some experiments were described, proving the suitability of torbite m 
its preparations for purposes of generating steam and smelting iron ore, and is‘: 
other stages of the manufacture of iron. It was contended, therefore, thst t-- 
problem of the probable utilization of peat had at last been solved. It was stax! 
in conclusion, that the bogs of Great Britain and Ireland cover an area excxt= 
five millions of acres, the average depth of which might be taken at twenty fei. 
and that the benefits of the utilization of peat on the large scale, particalats 6 
Ireland, could scarcely be over-estimated from an industrial point of view. 


———_——— 


On a Machine for stitching Button-holes. By J. M. CieMems. 


The paper stated that the almost universal adaptation of the sewing-mschit-t 
manufacturing as well as domestic purposes, had given rise to a demand ft: 
machine for working button-holes, most of the large manufacturing clothies¢ 
England and the shirt-makers in Belfast and other towns of Ireland having & 
several years expressed their desire for, and great want of, such a machine. Hue 
noticed the various attempts made to produce a button-hole stitching machix.& 
paper described that introduced to notice by the writer, and proceeded to pom: * 

hat it could be applied, not only to fine work, but also to heavy work, such 
sat making, railway sheets, or carpet-making. The machine would work srt « 
seventy holes per hour, both sides alike, and with a lock stitch. 


On a new Cotton Gin for separating Cotton Fibre from the Seed. 
By E. A. Cowpzr. 


This gin is composed of a roller having strips of leather on its surface at inter) 
and strips of pointed surface between them ; the roller revolves continuoudy, © 
there is a blunt steel blade, which is caused to approach the roller, and me 
from it at intervals, by means of eccentrics, which also move it up and down bi 
in the direction of the surface of the roller and in the opposite direction. In s+ 
tion to this roller and blade there is a vibrating beater to push off the seeds,'* 
last action being very similar to the motion of a beater in a MacCarthy gin *- 
eccentrics are on a small crank-shaft that moves the beater, and which bi’ 
pinion on it, driven by a wheel on the roller-shaft. This gin differs from* 
others in its complete intermittent action, and it also acts on an entirely 2‘ 
principle, viz., that of nipping JSast hold of the cotton-fibre close up to the seed (ji 
as it might be taken fast hold of by a person’s finger and thumb) whilst the - 
separated. The steel blade recedes from the roller when fibre is entering, and 
nips upon it and holds tt fast close up to the seed whilst the beater pushes of * 
seed. In consequence of the fibre being thus locked fast in the jaws it hss ® 
called the “ Lock-jaw Gin,” one side of its jaws being formed of the strips of oc" 
mon leather on the roller, whilst the jaw on the other side is formed of the We 
steel blade, caused to approach the leather surfaces when nipping by means of x 
trics, ‘This machine does its work so effectually and quickly that it gets throw. 
several times as much work as a common “ MacCarthy gin” can, and many ume 
as much as an “Indian Churka,” and at the same time gives a decidedly increa* 
length of staple from a given sample of cotton. This new principle of sction® 
separating cotton-fibre from seed, promises to cause as great a change and impr" 


ment jn ginning cotton as Heilmann and Lister’s invention did in the com d 
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wool, as the work is done better than by a MacCarthy gin, and nearly as quickly 
as by a Saw gin, and it is thus particularly valuable in reference to the short stapled 
cotton of Tndia, and the long stapled cotton of Egypt. 


On the Effect of Blowing Blast Furnaces with Blast of very High Tempera- 
tures. By KE. A. Cowper. 


Very satisfactory results were obtained in 1860-1861 from a pair of Cowper’s 
hot-blast stoves, heating the blast to a particularly high temperature for one tuyére 
only fora blast furnace (the other four being blown with ordinary hot blast). These 
stoves were for a length of time in successful operation at Messrs. Cochrane and 
Co.’s works at Ormesby, near Middlesborough-on-Tees; these gentlemen then erected 
large stoves to supply blast of very high temperature for a whole furnace, which 
stoves have now been in full operation for upwards of four years with the follow- 
ing satisfactory results, viz. an increased “ make” of iron from the same plant of 
fully 20 per cent., the iron being of rather improved quality, owing to leas impurity 
being carried in with the fuel, the avoidance of all leakage caused by the ordin 
cast-iron pipes, reduced friction or loss of pressure in the blast passing through 
the stoves, and a saving of upwards of five hundredweight of coke per ton of iron 
made, the blast being at 1150° Fahr. These stoves are the invention of Mr. E. A. 
Cowper, who has adopted the regenerative principle invented by Mr. Siemens, as 
the means of absorbing the heat from the products of combustion and giving it out 
again to the air to be heated, the regenerators being each enclosed in an iron 
casing lined with firebrick, and provided with valves to allow of the passage of 
ignited gas through the stove to heat it, and valves to allow the entrance of the 
cold blast and exit of the hot blast. The stoves are heated by the combustion of gas 
obtained from gas producers, such as are now used largely for Mr. Siemens’s glass 
furnaces; but recent experiments have been made, with the view of separating the 
gas from the top of the blast-furnace, from the dust it commonly contains, so that 
such gas may be conveniently used, and it has been found that it is only necessary 
to cause the gas to travel for some distance at a speed of less than 1 foot per second 
in thin layers, in order thoroughly to deposit all the dust contained in it; and by 
arranging a number of thin shelves at a small distance a and at an incline in 
a large pipe or box, the dust deposits on the shelves, and can be easily washed out 
occasionally with great facility by a stream of water, blast, or steam. 


On Siemens’s Regenerative Gas-Furnaces and Producers. By 8, N. F. Cox. 


The author commenced by stating that the system of regenerative gas-furnaces 
having now been before the manutacturing world for several years, and having 
been employed for the manufacture of glass of all kinds, iron, and steel, and nearly 
every other article in the production of which great heat was required, and having 
proved in nearly every case successful, it had ceased to be an experimental system, 
and had become an established and recognized success. The paper then described, 
by the aid of di a, the construction of the furnace in which the gas was burnt, 
and the gas-producers for all descriptions of fuel. By this process a flame was ob- 
tained (eaual to a white heat) which did not contain anything that could injuri- 
ously affect the most delicate manufacture, for even sulphuring was prevented, for the 
sulphur in separating from its hydrogen took up oxygen supplied by the carbonic 
acid and water, forming sulphurous acid,—a stable compound, which was not de- 
composed on meeting metallic oxides in the furnace. The nature and intensity of: 
the flame was also under the instant control of the man in ch of the furnace, 
go that the chemical nature of the flame could be altered at will one minute an 
oxidizing flame being obtained, and the next a reducing or carbonizing one. So 
also the amount of the flame could be altered from the smallest flicker to the com- 
plete filling of the chamber with an intense body of flame. The paper pointed out 
the immense advantage thus obtained in furnaces where the delicate operation of 
heating or melting steel was carried on ; and for reheating purposes, especially for 
reheating steel blooms and ingots. The advantage of the system was a large saving 
of S55 A ton of steel by the furnace was melted with an average weight of a ton 

® 12 
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of coal, instead of two and a half to three tons of coke, which represented six te 
seven tons of best coal. With such names before them as Meyer, Borsig, and 
Krupp, as employers of Siemens’s furnaces for steel melting, it did little credit to 
English enterprise to say that there was hardly one furnace in England in constant 
work for stee. melting. _porides the saving of fuel, there were other advantages 
in the working of the , such as cleanliness, no solid fluid being brought into 
the shop where the furnaces were, the fuel being converted into gas at any eon- 
venient distance from the furnaces; compactness of arrangement, saving of lsbour, 
and, above all, improvement in the proceeses themselves. In every e In which 
the furnace might be employed, the same advantages were apparent; and th 

the furnaces were costly, and required a large outlay at first, especially in 
works, they soon paid for themselves. 


On some of the Causes of the Failure of Deep-sea Cables, and Experimental 
Researches on the Permaneney of thetr Insulators. By Wri1am Fan- 
BATRN, F.R.S. 


The author stated that the recent disaster and loes of the greater ion of the 
Atlantic cables is one of those casualties which may be consid national, and 
looked upon as a misfortune much to be regretted. It is, however, suggestive of 
unprovements and the removal of impediments which seem to have beset the last 
attempt to submerge what was considered the best and moat effective cable ever 
constructed for a durable telegraphic communication between this country and 

erica. 

This cable was unanimously selected by the scientific committee, to whom w= 
entrusted a long series of experiments to Y otermine its strength and other chemical 
and electrical properties of the materials of which it was composed. Theee will be 
found in a former Report in the Transactions of last year, pages 408 et seg. 

It will be noticed that the late failure of the insulation, subm ce, &c., ia not 
an uncommon occurrence ; on the contrary, it has been estimated that out of about 
14,000 miles of cable that have been laid, nearly three-fourths of that | have 
been failures, and that at the present time not more than from 4000 to miles 
are in successful operation. —w hy which al attenti 

ere are two things in marine tel which require special a ion, viz, 
the manufacture of the cable, and its sabmnesgence in deep water. this ingui 
the author ventures to assume that the conducting wires, insulation, and etrength 
of the cable were satisfactory, and nothing more remained to be done than to 
it quietly on the bed of the ocean. The recent loss of this cable, and the imperfect 
insulation of others, are, however, important lessons, which prove the n ity of 
the most vigilant inspection of every inch of cable as it is manufactured in the 
instance, and its careful preservation until it is safely deposited in the bed of the 
ocean in the second. ery possible care was in this case taken ; but, notwith- 

ing the precautions exercised by the manufacturing company, small pieces 
wire on three different occasions were found sticking in the cable in contact with 
the conducting wires and destructive of the insulation. Theee apperently trifling 
circumstances were the whole and sole cause of the loss the Company and the public 
have sustained in the failure of this important enterprise. 

A voyage from the Nore to Valentia in July last presented rtunities for 
examining the big ship with her machinery and valuable cargo. e pe i 
machinery was perfect, as it proved itself to be in regard to its powers for regula- 
ting the slack to be paid out at different depths, and the uniform degree of tension 
requisite to be observed in paying out the cable at great depths. 

aying out a cable of considerable weight and strength from the coil seems to be 
surrounded with many difficulties, the greatest 
of which is the danger of kinks arising from 
the twist which it receives in being uncoiled. 
This is the great objection to every description 
of cable payed out from the coil, as the ten- 
dency is to run into loops, such as shown at A, . 
and thie, when submitted to an amount of ten- 
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sion of not more than one-half its ultimate powers of resistance, would injure the 
insulation, and what is more than probable, would ultimately destroy the conducti- 
vity of the cable. These are difficulties which in this weight of cable and large 
diameter of coils in the tanks has been overcome. With a smaller cable (carefully 
insulated) depending entirely upon the conducting wires for its strength, it would 
be possible to wind it in lengths of 80 to 100 miles upon reels, and these, neatly 
balanced in the hold of the ship, might be paid into the sea entirely free from 
kinks; but in doing this it must be observed that considerable risk js incurred of 
breaking the cable from the amount of friction to which the wheels would be sub- 
ject when loaded with 80 miles of cable. Taking the whole conditions of these 
arrangements into account, it is not clear that the reels would be any improvement 
upon the large coils in tanks, as adopted in the ‘Great Eastern’ ship. In fact 
there is no other plan suitable for the paying out of the Atlantic cable of its pre- 
sent weight and dimensions but the coil 

With regard to the ‘Great Eastern’ ship, he stated that she proved hereelf’ 
everything that could be wished for. Her easy steady motion was just what was 

uired for paying out the cable, and its relief from undue strain by the absence 
of pitching renders the ship exclusively calculated for the submergence of subma- 
rine cables in deep water. She is the very thing that is wanted for such a pur- 
pose, and he y believed, if she was properly fitted and prepared for such a ser« 
vice—with some additional stringers to strengthen the upper deck and sides—she 
would find full employment as a submerger of cables in every sea which divides 
the four quarters of the globe. She is admirably adapted for such a purpose, and 
her double engines, with screw and paddles, assist the steering, and afford great 
facilities for paying out and hauling in the cable should accidents occur such as 
overtook the vessel in the middle of the Atlantic. 

The author further remarked that the recovery of a lost cable is at all times a 
precarious operation, and the difficulties which present themselves in the case of the 
Atlantic cable, are ita large diameter and the friction of its external surface in pas- 
sin through the water. If raised at all it must be at an exceedingly slow ’ 
and that with one end loose, otherwise he should despair of raising it from a depth 
of 2100 fathoms, by hooking it in the bight or middle, where the resistance would 
be doubled in raising two sides instead of one. 

Supposing the cable to be hooked by the grapnel at a few miles distant from the 
fracture, it will then be seen (if it is to be raised from a depth of 2} miles) that 
the present cable would have to be lifted at an angle of about 45° on each side, or 
$-18 miles of cable =6-25 x 14 cwt. (the weight of the cable in water), a weight of 
4} tons, or equivajent to more than one-half the breaking strain. To this dead 
weight must be added the friction of the two sides of the triangle AB and AC, 


F< S00 atoms.” 


which will be as the squares of the velocities with which it is raised. What may 
be the adiitional amount of strain from the speed with which it may be drawn 
through the water it is not necessary here to calculate, as it is obvious, that at a 
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velocity of two miles per hour it would approximate close upon the breaking 
weight of the cable. — ; 

Assuming, for the sake of calculation, that the strain, including weight and fne- 
tion, to be 6 tons, and as it requires a strain of 7 tons to break the cable, there is left 
in reserve 12 ton to carry the bight of the rope to the surface of the water. Now 
this is assuming that the cable has been paid out with as much slack as will enable 
it to be raised in the manner just described ; but this is evidently not the case, and 
as any attempts at raising the cable in this form would break it, the slack of 1100 
yards on each side would require to be taken up, and a drag for 5 miles on each 
side would be the result, before it could reach the surface. This is evident from 
the fact that the excess of cable paid out over the distance run was 1210: 1060, a 
123 per cent. of slack. This would be equivalent to dragging some miles of cable 
through the, ooze or mud to make up the difference between the catenaries D, FE. 
and AB, AC. 

According to this reasoning, it would appear that any attempt to raise the cable 
in this way would prove fruitless unless some means were adopted to cut it at tk: 

oint N on the American side, and haul in by a second grapnel which would hold 
Fast until the cable was brought to the surface *. 

In the construction of submarine cables, he observed that their success depends 
on such a variety of circumstances—some of them exceedingly precarious—that 
the wonder is they have succeeded so well as they have done. the manufac- 
ture of a marine cable there is no difficulty with the conducting wire, if made o! 
pure copper; but the greatest care and caution is required to be taken with the in- 
sulator to see that the different coats of gutta percha are pure, solid, and free from 
injury by the abrasion of the external covering when composed of strands of wire, 
constituting the strength of the cable. 

The following experiments were instituted by the author at the request of the 
Commission, with a view to determine how far the different kinds of material 

as insulating coverings for electric submarine cables were reliable w 
placed at the bottom of the ocean under the pressure of the superincumbent water. 

Generally in re to the insulating powers of the various materials tried, they 
seem to arrange themselves in the following order of permeability, the first absorb- 
ing least water, and the last absorbing most :— 


1. Chatterton’s compound. 5. Carbonized india-rubber. 
2. Gutta percha. 6. Wray’s compound. 

3. Masticated india-rubber. 7. Unmasticated bottle india- 
4, Vulcanized india-rubber. rubber. 


The experiments on the insulating powers of various cores under pressure are 
less complete than those on absorption, and have been prosecuted under greate? 
difficulties and with less variety of conditions. 

The first experiments have for their object the determination of the increase of 


weight of various insulating materials when subjected to enormous pressure unde 
water. 


* Since the above was written, the author has been in communication with the engineers 
and others connected with the Construction and Maintenance Company, who are now con- 
structing an entirely new cable similar to that of last year, excepting only that the iro: 
Wires are galvanized, and the hemp covering is not saturated with tar. This new cable 
will be attached to the shore ends at Valentia and Newfoundland; and should this expe- 
dition be successful, the ‘Great Eastern’ and her two consorts will be enabled to return 
to the spot where last year’s cable parted, and by the usual means of grapnels to fish it 
up, and splice to it as much of the new cable as will carry it forward to Newfoundland. 

us it is confidently expected that two cables will be the important result of this year's 
undertaking. Considerable difference of opinion appears to exist as to the ultimate succes 
of these critical operations, but as every precaution is taken in having improved machinerrt 
for picking up and hauling in, under the direction of Mr. Canning, the Construction and 
Maintenance Company's Engineer, the prospect of success is much more encouraging than 
at any former period in the history of this important enterprise. It is moreover intended 
to employ two more vessels with proper apparatus for grappling the cable at those distinct 
spota, in order to relieve the strain and to hold by buoys until the cable is cut and hauled 
on 
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TaBLeE I. ~ 


First Series of Experiments on Absorption, under a pressure of 20,000 Ibs. per 
square inch, reduced to 100 hours’ exposure, and 10 inches area. 


Reduced results. 
P| a 
ve) — © S8 (68 AE 5 
3 eaglEE Se /S eb ays 
S Ps Insulator. Bee ecale8 9 E. g See 
| eR BBE RE a> 3 &| 
A g™ | gasiQ8 | bg) 
1. | India-rubber .............00000e, 20,000} 8°720 10 |0177 
2. | India-rubber with carbon ........ 20,000) 8°720 10 | 0-056 
3. | Wray’s compound .............. 20,000! 720 10 | 0-072 
A. | Gutta percha............. eee eee 20,000 3/20 0-044 


The temperature in all these experiments was low, sometimes several degrees 
below the freezing-point. In the first experiment with Wray’s compound, the 
cylinder when opened was found to be filled with loose ice. 

In the next series the whole of the specimens were placed in the same cylinder, 
and remained under pressure during the same period, and under the same condi- 
tions. 


. TaBLE‘IT. 
Experiments on Absorption, under a pressure of 6000 Iba., and at the ordinary 


temperature. 
Reduced results. 
| 3 3 =| ag 
si ce t eee 32% sae 
a) 7 & . Og tk @ . 
St Insulator. Are a5 8/323) 8 i 23 
Ao. ge). B's) § oo |< =) 
4 $8, | 5.8.°|2 3 Z 
7 ci | ga'siA z 3 


a aS * eee | qameicmmcesetcyeces | eae 
——— ; 


India-rubber, unmasticated| 5900 | 2: 

India-rubber, masticated..} 5900 | 2°575 
” ” --| 5900 | 2°575 
” 9 --| 5900 | 2:575 


” | India-rubber, vulcanized. .| 5900 | 2:575| 450 | 10 | 0-146 
" | India-rubber, carbonized ..| 5900 | 2°575| 450 | 10 | 0-980 


Gutta percha............ 5 2575 | 450 | 10 | 0:378 
rrr 5800 | 2°575| 450 | 10 | 0-177} 0-807 

rr er 6900 | 2575) 450 | 10 "366 

Wray’s coippound ...... 5900 | 2°575; 4560 | 10 | 0-750 
, rere 5900 | 2675| 450 | 10 | 0-700} 0725 
Chatterton’s compound ..! 5900 | 2°575| 450 10 0-375 0-279 

” ” ..| 5900 | 2575} 450 | 10 | 0-183 


The order of merit in resisting absorption, as derived from this series of experi- 
ments, is— 


1. Vulcanized india-rubber. 5. Wray’s compound. 
2. Chatterton’s compound. 6. Carbonized india-rubber. 
3. Gutta percha. 7. India-rubber not masticated. 


4. Masticated india-rubber. 


The next series of experiments was made under greater pressure, but in the 
game manner and for the same period of immersion. 
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Tasxez III. 
Third Series of Experiments on Absorption at ordinary temperatures 
Reduced results. 
2. les |e ag e: 
— 3 os a & 
Llddtentel aa 
alsegleesiies| BEE 
g |Sge(Sh*(<ga) FB 
g28|As | oe a 
6. | Raw india-rubber........ 15,000 450 | 10 | 165 
7. | Masticated india-rubber . .| 15,000 450 | 10 | 0:22 
8) °,, » . .| 15,000 450 ; 10 | 0:20 $ 0-26 
9. ” » . .| 15,000 450 | 10 | 030 
10. | Carbonized india-rubber . .| 15,000 450 | 10 | 029 
5, | Gutta percha............ 15,000] 654 | 450 | 10 | 018 | 
1. | Wray’s compound ...... 15,000; 6:54 | 450 | 10 |; 0-66 t O57 
2. » eee 15,000] 6-54 | 450 | 10 | 0-58 
8. | Chatterton’s compound ..| 15,000) 6-54 | 450 | 10 | 0-054 | 
4. ’ » =| 16,000] 654 | 450 : 10 0-058 | 0-057 


The temperature during these experiments was generally lower than in the 
second series, being frequently at the freezing-point. There was loose ice in the 
cylinder when opened. 

The order ef merit, or power of resisting absorption, is in these experiments— 


1. Chatterton’s compound. 4. Carbonized india-rubber. 
2. Gutta percha. 5. Wray’s compound. 
3. Masticated india-rubber. 6. Raw india-rubber. 


The last in this series absorbed twenty-seven times as much as the first; gutta 
percha and Chatterton’s compound hold, as before, the highest place, but the su 
riority of the latter was more manifest ; it had become whitened at the surface, but 
apparently the water had penetrated the thinnest possible film. 

he next experiments were made with a view to determine the effect of tempe- 
rature on the absorption of water by these insulators. 

The different substances were tried separately, as in the first series, and the 
weighings were repeated at intervals. During the night it was necessary to remove 
the gas-jet, as the uniformity of temperature could not be depended upon; hence 
for half the period of immersion the specimens were at a temperature of 50° only, 
and for the remainder at a temperature of 100°. The loss of weight after removal 


TaBLE IV. 
Fourth Series of Experiments on Absorption at increased temperatures. 
Reduced results. 

«| ea ise aa e#| «2 | SB. | 
w. & a9 , ial . 58 "4 hoe . 2S 
og er Bis¢e?#| fa lode ina 
oh Insulator. se7ie22| og: (Bee sa] +5 
a Be paf/048) be [eg 2 3E) Se 

A = | See) Bel 2 | s- | 
= | 


20,000) 100 | 75° | 10 


cs 
3. | Gutta percha............ 
4. 
5 
6 
7 


0-27 
India-rubber............ 20,000, 100 | 75° | 10 | 0-45 
Wray’s compound ...... 20,000: 100 | 75° | 10 0:58 
Chatterton’s compound . .| 20,000} 100 75° 10 0-20 
Vulcanized rubber ...... 20,000/ 100 | 75° | 10 | 0-80 
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from the cylinder, in consequence of the sg alepape of the water absorbed, was in 
these experiments noted, and it was found the specimens decreased in weight be- 
low their original weight when dry. 

In the whole of these experiments the pressure was 20,000 per square inch, area 
of specimens 8 square inches, and thickness about {th of an inch. 


TABLE V, 
S of Results, showmg approximately the time required in the case of each 
Cable for a loss of charge equivalent to a fall of the Electrometer Needle of 50°, 


4 4 
(2) 
S | oe ae 2 & gz 
Se Description of core. 3 e= 
= 2. i He 
re is 
ae I. Gibraltar core cured a DnG 
; by Mackintosh .. ; 
4,5 10,000 
1,2,3. 1) 
4. 10,000 
5, 6. II. Core impregnated | | 10,000 
7. with insulating li-< | 10,000 
8, 9. GUId Sica suw ss 10,000 
10. 10,000 
11, 12, 18 10,000 
1, 2 III. Wray’s core ...... 0 
2 IV. Wray’s core ...... 0 
| V. Core impregnated 
a with insulating rae i06G0 
? QUI nsec aye diarels J , 
i, VI. Core of 20 alter- 0 
2, 3. nate coats of gutta ( | 10,000 
5. percha and Chat-( | 10,000 
6. terton’scompound , | 10,000 
1 VII. Core of pure in- 0 
2 dia-rubber ...... 10,000 
1,2, S60 0 4 30 
3. 10 ‘3631 264 .{ 8 O 
4,5, 6, |) Vi. Gutta perchacore’ | 1900] 4:368| 480 | 4 5 
7; 10,000} 4363] 576 3 37 
1 | | 0 | 26 0 
9 IX. India-rubber core 39771 1-72 | 390 0 0 
1. "|. X. Silver's india-rub- vi ae a at ce ae 
2. has cons | 0 0 0 | 387 0 
3. cele Lo fo 0 |382 0 


Comparing the numbers in this Table with those in the first series, it becomes 
evident that temperature has a considerable effect on the amount of water absorbed. 
Thus gutta pe at 45° F. abeorbed 0-044 grain, at 75°, 0:27 grain, or six times 
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as much. In like manner, india-rubber absorbed 0°177 grain at a lower tempera- 
ture, and 0°45 at a higher, or two and a half times as much. Wray’s compound 
0-072 at a lower temperature, and 0°58 at the higher, or seven times as much. 

In the earlier experiments the insulating power of the various cores was tested 
with voltaic electnicity. In the following series, however, recourse was had to 
frictional electricity, which from its high intensity passed with greater or less 
facility through the insulating coverings of the wire. In the former, the measurc- 
ment and regulation of the charge, and the rate of loss were made with a double 
pith-ball electrometer; in the latter, or fifth series, a Peltier’s electrometer was 


employed. 

The charge was given from an electrophorus, and was ordinarily of such inten- 
sity as to deflect the needle through an arc of 70°. The fall of the needle was 
watched at intervals till it had sunk to 20°. 

On a careful inspection of the above summary, it will be seen that a great difler- 
ence exists in the retentive powers of the different cores or insulators under severe 
pressure, which in these anomalies almost defy attempts at comparison. The expe- 
riments are, however, satisfactory, in so far as they show approximately the relative 

rosity of various materials; but they do not point out how we are to obtain an 
insulator impermeable to water, and at the same time a good non-conductor. This 
desideratum has yet to be attained. 


Suggestions for Improvements in Blocks for Lowering Ships’ Boats, and for 
Improvements in Boats. By Groner Fawers. 


Blocks were exhibited, in which the vertical and lateral pressures of the weight 
suspended were directed (by a combination of levers) to disengage the hooking 
s which moved on eccentric bearings. 
In the boats accumulated strength was given (to all the parts liable to alter) 
with the utmést compactness; and with all the detailed requirements these boats 
of the same size packed together indiscriminately. 


District Private Telegraphs. By Narn. J. Houses. 

The introduction and use of private telegraphs in this country is of comparatively 
recent date. The apparatus in use upon the railways in signalling trains, and by 
the telegraph companies for the transmission of public messages, 1s unsuitable for 
the requirements of the private telegraph. The employment of conventional signs, 
and what is technically {mown as the “dot and dash” system, renders the si 
unintelligible except in the hands of properly trained clerks. In 1840 Prof. Wheat- 
stone patented his first alphabetical telegraph. 

This instrument has since been greatly improved, and another patent was taken 
out in 1858, from which year the general introduction of private telegraphs may 
be dated. The first private lines erected in London under the new 5 were 
those of Messrs. Spottiswoode, Messrs. Waterlow and Son, and the London Dock 

Jompany. 

In the year 1860 Prof. Wheatstone and Mr. Nath. J. Holmes established the 
present Universal Private Telegraph Company for the purpose of providing private 
Wires in various parts of the kingdom upon a system of annual rentals. This Com- 

y, afterwards incorporated in 1861, has already extended its system to every 
important town and district in the kingdom, and during the last four years has 
exected upwards of 2000 miles of private wire, employing 868 sets of instruments. 


On the Applicability of India-rubber as an Insulator for Telegraphic 
Conductors. By W. Hoormr. 


The author noticed the difficulties encountered in applying caoutchouc for inav- 
lating purposes, describing the decay of caoutchouc, especially when exposed to air 
and light, arising from oxidation, and resulting in a condition of fluidity. in apply- 
ing caoutchouc as an insulator, it has been generally washed, dried, and masticated, 
being manufactured by the process into eolid blocks, which ‘are then cut up into 
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sheets, which are again divided into tapes. After the tapes have been wound round 
the wires, they have usually been consolidated by heat, or by the use of solvents, both 
of which are mjurious by their tendency to favour oxidation. Wires thus insulated 

ive good results for a short time, but their efficiency is soon destroyed. The re- 
sults obtained with five specimens of india-rubber-covered wire supplied by different 
manufacturers for experimental purposes to the Government of Tad and sent out 
to Kurrachee in 1968, were adduced by the author, and showed that four out of the 
five were defective after submersion in the Indian Ocean, the one only, supplied by 
himself, remaining perfect. In insulation this specimen was the highest yet at~- 
tained, and the perfection of the joints was fully proved. The central position of 
the conductor was unaltered by any elevation of temperature, and its insulation re- 
mained good up to 150° Fahrenheit, and even higher temperatures. The mechani- 
cal properties of the core devised by the author, were also shown to surpass all other 
materials pet produced. The importance of the low inductive capacity of the wires, 
insulated e author’s process, was dwelt upon. Sir Chas. Bright, Mr. Latimer 
Clark, and Professor Thomson, had made independent investigations into the capa- 
bilities of the wire thus insulated, and the results deduced by those gentlemen were 
singularly in accordance with each other, the two former giving the induction of the 
author’s wire compared with gutta percha as 100 to 136, the latter as 100 to 136. 
The rate of signalling being proportionate to the retardation arising from induction, 
the value of the process, in a line of such length as the Atlantic cable, would be 
at once apparent in a commercial as well as a scientific view. The Government 
have since ordered three lengths of 50, 40, and 45 miles of this insulated wire, which 
are now en route for India. 


Machinery for compressing Air, and the Applicability of such Compressed Air 
for working Coal-cutting and other Underground Machinery. By T. 
Levick. 


The advantages which the Ba sal described were :—1. The simplicity of con- 
struction, and small cost. 2. The small amount of power to overcome the friction 
of the moving parts. 3. It was not affected by the production of heat in the com- 
pressed air. 4. It acted as a regulator, adapting ite speed to the consumption of air 
underground. 5. Being used at the mouth of coal-pits, the additional loss of 
wer was not of so much consequence. 6. The amall amount of space occupied. 
he paper explained that the air compressed by the engine at the mouth of the 
pit was conveyed to the machinery underground in 4-inch cast-iron pipes, carried 
along the main-headings, from which the compressed air was conveyed in ]1}-inch 
gas piping, connected with the machine in the pit by an india-rubber hose. The 
prominent feature of the machine is a pick, which digs the coal when the engine 
at the mouth of the pit is in motion. The pick can be worked at any angle at 
which the coal may lie, and can be easily put to work at any part of the thickness 
of the coal, whether it might be desired to “ hole” in the bottom or at the top of 
the measure, or at a parting in the middle, or any other portion of it, by simply 
shifting the pick to a greater or less distance upon the axis on which it is key 
The machine moves forward as the work progresses by means of a hand wheel, 
which communicates motion by bevel wheels to the wheels upon which the ma- 
chine travels. In cases of bad roof, the use of the coal-cutting machines had been 
objected to on account of the distance required (between the face of the work 
and the supports to the roof) for the work of the pick. Another objection 
was that the work had to be passed over twice or three times, in order to gain 
the required depth of cut. These objections have been obviated by the machines 
introduced to notice, by which the stroke of the pick, when making ite cut, was 
from the back of the cut towards the face, instead of passing across the road and 
striking into the face in the direction observed heretofore. By this means the 
supports to the roof could be brought close up to the road; the concussion of the 
blow was reduced; and about six inches of the coal had not to be cut, it being 
forced out as the pick approached the face. The quantity of compressed air con- 
sumed by each coal-cutter was determined from some indicator diagrams to be 327°6 
cubic feet per minute, at 30 lbs. pressure. The machine was working at 08 strokes 
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per minute, showing an expenditure of air equal to 8 horse-power. The machines 
at Blaina Tronworks, South Wales, were working in coal which the men refused 
to work, and which, though opened out, has not been touched for years, and hole 
at the rate of 8 yards per hour, to a depth of 3 feet. The machine, when worked 
with the outward cut and self-propelling motion, will exceed this quantity coa- 
BIGeranly. 


On some Developments of and Improvements in Giffard’s Injector. 
By J. Rosrnson. 


Having referred to the difference of opinion existing among engineers as to thi: 
which had been called by the President a somewhat paradoxical instrument, the 
author described the action of the injector to be as follows :—Steam was taken from 
the steam space of any boiler by means of the injector, the water suppl was brought 
into contact with the steam current, and the result in the shape o hot water was 

into the water space of the boiler. The question was, how, having an equal 
ressure on all parts of the boiler, did a fluid not only pass in the shape & current 
rom one part to another, but at the same time carry with it another fluid exposed 
to atmospheric pressure only? The author propounded the following explanation 
of the instrument :—Advantage is taken of the superior velocity at which a steam 
current issues from a boiler, over that of a water current issuing from a boiler at 
the same pressure. These velocities are assumed to bear an exact proportion to 
the densities of the two fluids. The steam-current having but a small amount of 
momentum, the water supply is brought into contact with it, and two results fol- 
low : first, the steam current is incorporated with the water current by the con- 
densation of the former ; secondly, an amount of the velocity of the steam current is 
imparted to the water current in the proportion of the quantities of each which are 
brought together inthe combined jet. As the weight of steam issuing from an 
opening is exactly equal to the weight of water which would, under the like pressure, 
issue from the same opening in the same time, the area for the admission of steam 
to the combining chamber is made greater than the area of the pipe which receives 
the condensed jet for transmission to the boiler, as otherwise the amount of velocity 
imparted to the water current would not be sufficient to overcome the velocity of 
the resisting current from the boiler. The combination of the foregoing princi 
and arrangements in the injector is so effective that, steam at a pressure of 30 |bs. 
above the atmosphere, water can be forced into a boiler containing steam of very 
nearly double that pressure. Having described the construction of the injector, 
the paper pointed out the importance of an apparatus capable of suppl ing water to 
steam boilers without motion of any of its parts, and independently of the engine 
connected with it. It had proved almost essential to some particular arrange 
ments of boilers and engines. For locomotives, the advantage trad been v n- 
siderable, inasmuch as it was most important that the machinery of engines run- 
ning at such high velocity should be free from the apparatus and repairs necessary 
when their boilers were fed by pumps worked by the engine. The advantage also 
was obtained by feeding the boiler while the locomotive was at rest, either in the 
station, or during its retention in a siding waiting for the line to be cleared. For 
this purpose 5230 of the injectors had been manufactured in this country. For 
stationary boilers the injector had been found convenient, because of the saving of 
the pipes and other communication from the boiler to the engine-room, the eu 
pression of the pumps and the parts of the engine necessary to work them, and the 
advantage of being able to fill up the boilers during meal hours, and at other times 
when the engine was stopped. For this purpose 3816 had been made in this country. 
For marine boilers the apparatus was most convenient, since it answered generally 
the purpose both of the main engine pumps and of the donkey pumps, and brought 
the control of the feeding- pparatus within reach of the stokers, without reference 
to the engine-room, and without the noise and complication of the donkey pump. 
In a simple form, and also in the ordinary injector arrangement, the principle had 
been applied for raising water from mines and wells, the inducement the 
cheapness and simplicity of the apparatus, and the small space and easy manipuls- 
tion required. The paper proceeded to describe in detail improvements which had 
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been made upon the injector as it first came from the hand of the inventor; but 
theese cannot be made without a reference to diagrams. 


On the Outer Covering of Deep-sea Cables. By C. W. Sremuns, O.E. 


The want of success which has hitherto attended deep-sea cables renders it per- 
haps desirable that the attention of the Section should be called to the subject. 
Ws are able at present to point to shallow sea-lines, such as the Dover and 
Calais, the Port Patrick and sunagadee, and the Dover and Ostend lines, which 
have lasted above fourteen years, and in which the electric conductors, together 
with their insulating coating, remains to this day unimpaired, although the thick 
iron wires which constitute their outer covering are greatly diminished in strength 
through oxidation, and have given rise to occasional repairs. It has, moreover, 
been proved, beyond doubt, that the great hydrostatic pressure upon deep-sea 
cables does not deteriorate the insulat conductor, but, on the contrary, greatly 
improves the insulation; and, as regards the durability of the outer covering, deep- 
sea cables have the natural advantage over shallow sea-lines that they lie upon 
tranquil ground far beyond the reach of currents, of accidental disturbances through 
ship’s anchors or the coral-fisher’s hooks, and, to some extent at least, beyond the 
reach of animal life. The drawbacks to these advantayes are, that the risk of acci- 
dent is greater in laying down deep-sea lines, and that, when laid, they are less 
accessible for repairs; but these circumstances do not suffice to account for the very 
rapid failure of those deep-sea cables which had been successfully submerged, as, for 
instance, the first Atlantic, the Toulon and Algiers, and other lines in the Medi- 
terranean. 

But why, it may be asked, are deep-sea cables not made precisely the same as 
shallow sea- or shore-end lines, seeing that the latter have given proof of ter 
strength and durability? The answeris that the laying of a hesy iron-clad cable 
into deep seas would be attended with great risk, because the retarding force which 
has to be applied to a cable in going overboard increases with the depth (or length 
of suspended cable), and would amount to several tons; tug-steamers would have 
to be applied to assist the cable-ship, and any stoppage in the operation through 
theb ge and entanglement of a wire, or other cause, might seriously compromise 
the safety of the cable and of the ships themselves. Moreover, deep-sea cables are 
srenerally long cables, and ships could hardly be found to carry a heavy cable of the 
requisite length in one piece, nor could it be joined with safety on the open seas, 
The risk of breakage of a heavy deep-sea cable would also be great, because the 
thick iron wires composing the same could hardly reach down to the bottom of the 
North Atlantic without breaking by their own dead weight. 

Considering these circumstances, it becomes evident that the strength and per- 
manency of a deep-sea cable cannot be attained by thick iron wires, but that other 
materials and modes of construction must be had recourse to. 

In reviewi t experience, we find that in the case of the Varna and Balaclava 
cable (300 miles), which was laid in 1858, no sheathing of any kind was applied to 
the insulated conductor. The operation of paying out was accomplished with great 
ease and success, and the electrical communication was kept open for nearly nino 
months, when it suddenly ceased, in consequence either of chafing against rocks or 
shells, or the tooth of the Teredo. 

Several cables were laid in the Mediterranean in 1855 and 1856, consisting of an 
insulated conductor covered with strings of tarred hemp, which was laid on in the 
manner of an iron sheathing. A difficulty was experienced in laying this descrip- 
tion of cable, owing to its excessive specific lightness and roughness of surface, 
which combined to make it sink so very slowly to the bottom, that it was paid out, 
as it were, in a straight line upon the surface of the water; and although no break- 

ower whatever was applied, not sufficient cable would leave the ship to cover the 
irregularities of the bottom. This tightening of the cable, when laid, was further 
increased by the shrinkage of the hemp strings in the water, and, morvover, by the 
action of local currents in the water, to which the cable remained exposed for a long 
time during its descent. The consequence was that the cablo strained and broke 
during the operation of laying, or rather immediately after. In raising this cable 
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a few months later, it was found, moreover, that the hemp had engendered millions 
of small marine insects of a peculiar kind (the Xylophaga, according to Huxley}, 
which had not only completely destroyed the rope, but had eaten deep holes in the 

utta percha without reaching, however, the copper conductor. This action had 
Fen accomplished at a depth of from 300 to 500 fathoms. 

Several heavy iron-covered cables have been laid into moderately deep water in 
the Mediterranean, some of which were laid successfully, though at great risk, and 
with great luss of cable, and have worked for several years before giving way. The 
most remarkable is the Spezzia and Corsica cable, which consisted of six i 
conductors served with tarred hemp, and sheathed with twelve galvanized iroa 
wires of ,3,ths of an inch diameter, producing a weight of 8} tons per mile of cable. 
This cable was laid in 1854 in a depth of 600 fathoms, and remained in good 
working order till 1863, when it failed. 

The Red Sea and Indian cable: was laid successfully in 1859-60, but failed after 
nine months’ exposure to the sea-water, when it was found that the iron sheathing, 
consisting of sixteen wires, and weighing 2 tons per mile, had been completely cer- 
roded through in places. 

The first Atlantic cable, which was laid in 1857, had a sheathing of a peculiar 
form, consisting of 126 thin charcoal iron wires of No. 223 B.W.G., giving it great 
relative strength during the process of laying. Considering, however, the large 
exposure of iron surface to corrosive action of the sea, this cable must have faileda 
few weeks after submersion, if the insulated conductor had not been so defective 
in itself as to render the cable unfit for regular telegraphic communication from tke 

rst. 

Another type of sheathing for a deep-sea cable is that which was adapted for the 
Toulon and Algiers line in 1860; it consisted of ten steel wires, each of which had 
been previously covered with tarred hemp, for the purpose of giving it additional 
strength and protection against corrosion by sea-water. It was proved by experi- 
ments that the strength of each steel wire was increased to the full amount of the 
strength of the hemp serving, or about 20 per cent., while at the same time the 
specific gravity of the cable was greatly decreased, and its descent through the 
water further retarded, in consequence of the rough surface the hemp serving 

resents. The insulated conductor of this cable was well proportioned and care- 

Hy tested, and its sheathing was found to be such that a moderate break-powez 
sufficed to prevent its running out too fast in the ‘eying, while at the same time 
the cable descended with sufficient rapidity to provide the necessary slack (about 
10 per cent.). Thus far this compound sheathing of steel and hemp had proved s 
complete success, when about six months after its submersion the continuity sud- 
denly ceased, and in endeavouring to raise the cable it was found that the marime 
insects (Xylophaga) had again done the work of destruction, having completely 
eaten the hemp and left the steel wires like a loose cage around the insulated con- 
ductor, and fully exposed to corrosive action. 

These repeated failures of the outer covering of deep-sea cables led the writer to 
devise one which combines the requisites of low specific gravity and relative 
strength with greater durability than could hitherto be attained. A cable of 
this description actually forms an important link in the telegraphic chain whiect 
now unites France with its African dependency, and is therefore practically entitl<d 
to consideration. It consists of the ordinary insulated copper conductor, which is 
covered in one process with two layers of best Italian hemp moderately twisted in 
opposite directions, and lastly with an outer binding sheathing of copper, which is 
put on under great pressure, and in such a manner that the copper strips composing 
the same overlap, and are, as it were, mortised into one another, producing practi- 
cally the effect of a complete flexible tube. Each string of hemp is put on in the 
machine under an equal strain, which gives to the rope a strength fully equal to the 
sum of all its constituents. The metal of the outer sheathing is copper mixed with 
about } per cent. of phosphorus, which imparts to it greater tenacity, and an 
increased power to resist chemical action in the sea-water. Instead of copper, 
zinc has sometimes been used, which also resists sea-water in a remarkable degree. 

The hemp giyes great relative strength to this cable. The Algeria cable, with 
an outer diameter of only } inch, bears a strain exceeding 1} ton; and a cable of 
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the dimensions Proposed by the writer for the Atlantic, having a diameter of 3 inch, 
bears between 3 and 4 tons of longitudinal strain before breaking, or fully as much 
a8 an iron-covered cable of the same diameter, while its weight in sea-water is from 
five to six times less. 

The machine used in the manufacture of this cable presents several practical 
mechanical combinations, which the writer, however, passed over, in order not 
to extend the subject of this paper. 

The peculiar properties of this cable, as contrasting with the ordinary cable with 
helical or spiral sheathing, are as follows :— : 

Ist. The absolute strength of this cable can be increased to any desired extent 
without adding to its weight in water, the hemp being very nearly of the 
same specific gravity as the water itself. Considering past experience, a 
specific gravity of 14, and a strength sufficient to support Po 
miles of weight of the cable in sea-water a desirable. 

2ndly. The elongation of this cable under half its breaking strain does not exceed 
3 per cent., and has no tendency to untwist when suspended from one end, 
whereas an iron-sheathed cable (or a cable of the Toulon and Algiers type) 
will elongate from 3 to 4 per cent. under similar circumstances, and partially 
untwist at the same time, because each wire tends to assume a straight line 
parallel to the axis. This elongation throws a great and dangerous strain upon 
the insulated conductor, which will be permanently elongated and disposed to 

” fall into kinks at the bottom. 

Srdly. In the manufacture of iron-clad cables the insulated conductor frequently 
gets injured through the breakage of a wire, or the carelessness of workmen 
m malin g welds, and the cable, when manufactured and in the very act of 
being paid overboard, may be penetrated by the sharp end of a broken wire 
as has most unfortunately happened on a recent occasion. The copper-sheathe 
cable precludes almost the possibility of any such accidental injury; the in- 
sulated conductor, after being carefully tested, passes through the sheathing- 
machine, where it receives spontaneously its double hemp covering and 
complete metallic armour coat. It is worthy of remark that the insulation 
resistance of the cores invariably increases in receiving the armour coat, 
owing, it appeurs, to the external pressure produced, and that not a single, 
fault of insulation has ever occurred in the cable during the processes of ship- 
ment and submersion. 

Athly. The durability of the copper-sheathed cable’ has already been proved by 

riment and in actual practice. A cable which had been laid in 1864 in 
the Mediterranean, from Oran to Carthagena, was raised sgain nine months 
later (in consequence of an accident of a purely mechanical nature) from a 
depth of 1500 fathoms, when it was found to be in a perfectly good condition, 
the insulation and the strength of the hemp being unimpaired, and the copper 
sheathing being covered by a thin green scale of chloride of copper and mag- 
nesia, it 1s supposed, which appears to have arrested further chemical action. 
The cable so recovered, and of which a specimen was exhibited, now forms part 
of the line connecting Sicily with Algeria ; whereas the iron-sheathed shore- 
end cable, which was also recovered, was found to be unfit for further use, being 
much corroded and covered with coral growth. 

5thly. The copper-sheathed cable is mechanically well suited to the operations 
of laying ; it 1s extremely flexible, occupies relatively little space in the ship’s 
hold, and glides smoothly overboard without the least risk of catching by 
broken wires, or of forming into kinks, or untwisting under strain. It offers 
remarkably little resistance in the water, and can be recovered from the 

test depth at the rate of one knot per hour. 

It has been objected that hemp rope contracts very considerably (about 3 per 
cent.) upon being immersed, and that the copper-sheathed cable must be liable to 
the same injurious effect. While fully admitting the general proposition, the 
writer has no difficulty to show that it does not apply to the cable in question. 

It was seen from the experiment which was shown to the Section, that although 
a twisted hemp rope contracts upon being moistened, a single hemp fibre, taken 
from the same rope, actually elongates under the same treatment, the reason 
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being, as it appears to the writer, that each hemp fibre consists of a series af col- 
lapeed tubes between Imots, which, upon filling with water, straighten from imot 
to knot, and therefore alightly augment the total length ; whereas the same fibre, 
if wound spirally, will reduce the length of the spiral, in consequence of its increase 
in diameter in filling with water. Proceeding from this consideration, hemp yam 
of little twist is in the manufacture of this cable, the copper sheathing bindi 
the fibres sufficiently to continue their strength, and the result is that ita le 
remains practically the same upon being immersed. 

In drawing thie paper to a conclusion, the writer feels that he has laid himself 
open to the charge of partiality in favour of one particular covering, but his excuz 
is that he could not have done otherwise without doing violence to his convictions, 
which, however, are open to criticism. So much will, he thinks, be readily con- 
ceded, that the failure of-deep-sea cables has hitherto been mainly due to the 
mechanical imperfections and perishable nature of the outer coverings. The un- 
fortunate result of the last attempt to establish telegrapbic communication with 
America goes to strengthen this proposition. Both the insulated conductor and the 
paying-out machinery had been prepared with extreme care; the great ship wa 
well adapted to its important work, which in all human probability would have 
been crowned by success but for the unfortunate injuries which the insulated 
core received through insufficient protection. The recurrence of the same kind of 
accident may perhaps be avoided by special care; but there remain the dangers of 
kinks at the bottom, through the untwisting of the rope while in suspension, and, 
most of all, the question of durability to be disposed of. 

It has been maintained by some that the outer covering of deep-sea cables is 
only of use for submerging the same, and that its decay at the tranquil bottom of 
the ocean could not harm the insulation ; but such a‘proposition is di of by 
experience, and it is natural to suppose that the sheathing must give way first m 
such places where it rests upon a stone or gentle elevation of the ground (and is 
most exposed to chemical action). Upon giving way, the cable will sink to take 
new bearings and cause the unsupported insulated conductor to separate. It may, 
on the other hand, be maintained that a permanent metallic sheathing is requisite 
to ensure the success of deep-sea as well as shallow-sea cables. 


Description of a Patent Steam Pile-Driver. By W. Stssons. 


In this machine the ram (one ton in weight) falls twelve times in a minute, with 
a 5-feet lift. The size of the bottom frame is only 7 feet 6 inches square, and it 
‘occupies a smaller space than an ordinary hand-machine, and can be used im any 
situation, on land or afloat, where the other can. It supplies a deficiency long fe:t. 
viz. something more powerful and expeditious than hand-machinea, and somethinz 
less ponderous and costly than those steam-machines hitherto brought out. Du- 
ring the past six years fifty-four of them have been made; seven are in use an the 
Thames Embankment, and Mr. Brassey has five in operation in Galicia. 


On Warming, Lighting, and Ventilating the Birmingham Town Hall. 
; By B. Sworn. 
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logical action of certain of the, 272. 

Amylene, 272. 

An verson (John), report on gun-cotton, 


Armstrong (Sir William G.), report on 
gun-cotton, 264; on a uniformity of 
weights and measures, 375. 

Arnold (Matthew) on a uniformity of 
weights and measures, 375. 

Astronomer Royal (The) on a uniformity 
of weights and measures, 375. 

Astronomy, meteoric, papers bearing on, 


B. A. Unit, A. Matthiessen and Charles 
Hockin on the construction of the 
copies of the, 311. 

Balloon ascents, meteorological and phy- 
sical observations by James Glaisher 
in genres made in 1864 and 1866, 

Bate (C. Spence) on the marine fauna 
and flora of the south coast of Devon 
and Cornwall, 51. 

Birmingham, A. Follett Osler on vari- 
ations in direction and motion of the 
air at, 264. 

Birt (W. R.) on mapping the surface of 
the moon, 286; ietters from J. F. 
Julius Schmidt, 305. 

Brayley (Prof. E. W.), inferences and 
suggestions in cosmical and geological 
philosophy, new theory of the origin 
and formation of meteorites, 5a 
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Bright (Sir Charles)on standards of elec- 
trical resistance, 308. 
British Isles, (4. J. Symons on the rain- 
fall of the, 192. 
Brown (Samuel) on a uniformity of 
weights and measures, 375. 

Buckland (I’rank), report on the culti- 
vation of oysters by natural and arti- 
ficial methods, 3. 


Channel Isles, report by J. Gwyn Jef- 
freys on dredging among the, I. 

Coal-field, North Statfordshire, on the 
distribution of the organic remains of 
the, 42; appendix, 317. 

Couch (Jonathan) on the marine fauna 
and flora of the south coast of Devon 
and Cornwall, 51. 

Crustacea, Henry Woodward on the 
structure and classification of the fos- 
sil, 320. 

Crystals, H. C. Sorby on the microsco- 
pical structure of, 136. 


Dawes (Rev. W. R.) on mapping the 
surface of the moon, 286. | 

Dawson (Hobert) on dredging the coast 
of Aberdeenshire, 142. 

De la Rue (Warren) on mapping the 
surface of the moon, 286. 

Devon and Cornwall, on the marine 
fauna and flora of the south coast of, 


Dredging among the Channel Isles, re- 
port by J. Gwyn Jeffreys on, 1. 


Dredging the coast of Aberdeenshire, 
Rev. W. Gregor and W. Dawson on, 
142. 


Egerton (Sir Philip de M. Grey, Bart.) 
on the distribution of the organic re- 
mains of the North Staffordshire coal- 
field, 42. 

Electrical resistance, report on standards 
of, 308. 

Ellis (H. S.) on mapping the surface of 

Bee moon, 286. 
vans (John), first re on explorin 
Kent Caen Devenshive ie. 

Ewart (W.) on a uniformity of weights 
and measures, 375. 


Fairbairn (William) on the strength of 
materials considered in relation to the 
construction of iron ships, 243 ; report 
on gun-cotton, 264. 

Fellows (F. P.) on a uniformity of weights 
and measures, 376. 

Findley (A. G.) on the bed of the ocean, 


REPORT—1865. 


Fortescue (The Earl) on a uniformity of 
weights and measures, 375. 

Fossil crustacea, Henry Woodward oa 
the structure and classification of the, 


320. 
Frankland (Prof.), report on gun-cotton, 
264. 


Froude (William) on the resistance of 
water to floating and immersed bodies, 
56. 


Galton (Francis), letter to General Sabine 
on magnetic observations at Tiflis, 316. 

Gases evolved by the Bath spring calied 
King’s Bath, Prof. A. W. Williamson 
on the composition of the, 381. 

Gassiot (J. P.) on the establishment of 
magnetic observations on the hew 
system at the Observatory at Tiflu, 
318. 

Gladstone (Dr.), interim report on the 
transmission of sound under water, 
192; report on gun-cotton, 264. 

Glaisher (James) on mapping the surfare 
of the moon, 286; an account of me- 
teorological and physical observations 
in three balloon ascents made in the 
years 1864 and 1865, 145. 

Graham (T.) on a uniformity of weights 
and Ren vi st b. 

Gregor (Rev. Walter) on dredging the 
coast of Aberdeenshire, 142. 

Gun-cotton Committee, report of the, 
264. 


Hay (Sir John, Bart.) on a uniformity af 
weights and measures, 375. 

Hennessy (Prof.), interim report on the 
transmission of sound under water. 
192; on a uniformity of weights and 
measures, 375. 

Herschel (Sir John, Bart.) on mapping 
the surface of the moon, 286; on the 
establishment of magnetic observations 
on the Kew system at the Observatorr 
of Tiflis, 313. 

Heywood (James) on a uniformity of 

mene om measures, 375. 

Hicks (Henrv) on the Lingula-fi of 
South Wales, 281. gula-flage 
Hincks (Rev. Thomas) on the marine 
fauna and flora of the south coast af 

Devon and Cornwall, 51. 

Hockin (Charles) on the construction of 
the copies of the B.A. Unit, 331. 

Huxley (Prof. T. FH.) on the distribution 
of the organic remains of the North 

_ Staffordshire coal-field, 42. 


Jodide of amy], 277, 
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Iron ships, William Fairbairn on the 
strength of materials considered in 
relation to. the construction of, 243. 


Jeffreys (J. Gwyn), report on dredging 
among the Channel Isles, 1; on the 
marine fauna and flora of the south 
coast of Devon and Comwall, 51. 

Jenkin (Fleeming) on standards of elec- 
trical resistance, 308. 

Joule (Dr.) on standards of electrical 
resistance, 308. 


Kane (Sir Robert) on a uniformity of 
weights and measures, 375. 
Kent's Cavern, Devonshire, on exploring, 


16. 

King’s Bath, Prof. A. W. Williamson 
on the composition of the gases evolved 
by the Bath spring called, 381. 


Lee (Dr.) on mapping the surface of the 
moon, 286 ; on a uniformity of weights 
and measures, 3765. 

Levi (Dr. Leone) on a uniformity of 
weights and measures, 375. 

Lingula-flags of South Wales, Ifenry 
Hicks on the, 281. 

Liverpool, A. Follett Osler on variations 
in direction and motion of the air at, 
264. 

Lockyer (J. N.) on mapping the surface 
of the moon, 2x6. 

Lubbock (Sir John, Bart.), first report 
on exploring Kent's Cavern, Devon- 
shire, 16. 

Luminous meteors, report on, by James 
Glaisher, R. P. Greg, E. W. Brayley, 
and Alexander S. Herschel, 57; cata- 
logue of, 69; appendix, 120. 

Lyell (Sir Charles, Bart.), first report 
on exploring Kent’s Cavern, Devon- 
shire, 16. 


Maltese Caves, A. Leith Adams on, 257. 

Matthiessen (Dr. A.) on standards of 
electrical resistance, 308; on the con- 
struction of the copies of the B.A. 
Unit, 311. 

Maxwell (Prof.) on standards of elec- 
trical resistance, 308. 

Moteoric astronomy, papers bearing on, 

Meteoric showers and their radiants, 
122. 

Mf eteorites, on, 128. 

, Prof. E. W. Brayley on a new 

theory of the origin and formation of, 


, the origin of, 183. 
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Meteorites, H. C. Sorby on the micro- 
scopical structure of, 189; note by 
Prof. Brayley on, 140. 

Meteors, luminous, report on, 57; cata- 
logue of, 60; appendix, 120. 

doubly observed, 120; large, 125. 

Miller (Dr.), report on gun-cotton, 264 ; 
on standards of electrical resistance, 
308; on a uniformity of weights and 
measures, 375. 

Mnaidra Cave, A. Leith Adams on, 257. 

Molyneux (William) on the distribution 
of the o ic remains of the North 
Staffordshire coal-field, 42. 

Moon, W. R. Birt on mapping the sur- 
face of the, 286. 

Murchison (Sir R. L, Bart.) on the esta- 
blishment of magnetic observations 
on the Kew system at the Observatory 
at Tiflis, 313. 


Napier (James R.) on the resistance of 
water to floating and immersed bodies, 


56. 
Nasmyth (James), report on gun-cotton, 
264 


North Staffordshire ‘coal-field, on the 
distribution of the organic remains of 
the, 42. 

Numbers, Prof. H. J. 8. Smith’s report 
on the theory of, pt. vi., 322; theorems 
of Jacobi on simultaneous quadratic 
forms, 330; origin of the principal 
formule in Jacobi’s memoir, 34:3; the 
formulee of M. Kronecker, 347, 349; 
connexion of the formule of M. Kro- 
necker with elliptic series, 359 ; arith- 
metical demonstrations of the formule 
of, 365; equations satisfied by the mo- 
dules which admit of complex multi- 

lication, 369; application of the Theta 
unctions to the Lellian equation, 
372. 


Ocean, A. G. Findlay on the bed of the, 
379. 

Organic remains of the North Stafford- 
shire coal-field, on the distribution of 


the, 42. - 

Osler (A. Follett) on the horary and 
diurnal variations in the direction and 
motion of the air at Wrottesley, Liver- 
pool, and Birmingham, 264. 

Oyster-culture,comparison of the French 
and English system of, 11. 

Oysters, green, 14. 

, Frank Buckland’s report.on the 
cultivation of, by natural and artificial 

methods, 3. 


, on dredging for, 7. 


13* 


196 


Pengelly (William), first report on ex- 

aEeing Kent Cavern, Devonshire, 16. 

Phillips (Prof.), first report on exploring 
Kent’s Cavern, Devonshire, 16; on 
mapping the surface of the moon, 286. 

Purdy (Frederick) on @ uniformity of 
weights and measures, 376. 


Rainfall, G. J. Symons on the, of the 
British Isles, 102. 

Ralfs (J.) on the marine fauna and flora 
of the south coast of Devon and Corn- 
wall, 51. 

Rankine (Prof. W. J. Macquorn) on the 
resistance of water to floating and im- 
mersed bodies, 66; on a uniformity of 
weights and measures, 375. 

Richardson (Benjamin W.), second re- 
port on the physiological action of 
certain of the amyl compounds, 272. 

Robinson (Rev. Dr.), interim report on 
the transmission of sound under water 
192; on a uniformity of weights and 
measures, 375. 

Rosse (Lord) on mapping the surface of 
the moon, 286. 

Rowe (J. Brooking) on the marine fauna 
and flora of the south coast of Devon 
and Cornwall, 51. 

Russell (John Scott) on the resistance 
of water to floating and immersed 
bodies, 56; report on gun-cotton, 264. 


Sabine (Major-General) on the esta- 


blishment of magnetical observations’ 


on the Kew system at the Observatory 
of Tiflis, 313. 

Salter (J. W.), notes vale fe sections and 
fossils of the Lin of Sou 
Wales, 284. Hage 

Schmidt (J. F. Julius), letter on the 
moon’s surface, 3065. 

Siderites and siderolites, on, 128. 

Siemens (C. W.) on standards of elec- 
trical resistance, 308; on a uniformity 
of weights and measures, 375. 

Smith (H. J. Stephen), report on the 
theory of numbers, pt. vi., 322. 

Sorby (H. C.) on the microscopical 
structure of crystals, 186; on the mi- 
croscopical structure of meteorites, 
189. 

Sound, on the transmission of, under 
water, 192. 

Stewart (Balfour) on standards of elec- 
trical resistance, 308. 

Stewart (Charles) on the marine fauna 
and flora of the south coast of Devon 
and Cornwall, §1, 


REroRtT—1865. 


Sykes (Col.) on a uniformity of weights 
and meas 376. 

Symons (G. J.) on the rainfall of the 
British Isles, 192. 


Tate (Thomas) on the strength of mate- 
rials considered in relation to the con- 
struction of iron ships, 243. 

Thomson (Prof. W.) on standards of 
electrical resistance, 308. 

Tite (W.) on a uniformity of weights 
and measures, 375. 


Varley (C. F.) on standards of electrical 
resistance, 308. 

Vertebrate remains from the North Staf- 
fordshire coal-field, Dr. John Young 
on the distribution of the, 317. 

Vivian (Edward), first report on explo- 
ring Kent’s Cavern, Devonshire, 16 


Water, on the resistance of, to floating 
and immersed bodies, 66; on the 
transmission of sound under, 192. 

Webb (Rev. T. W.) on mapping the sur- 
face of the moon, 286. 

Weights and measures, on a uniformity 
of, 375. 

Wheatstone (Prof.), interim report a 
the transmission of sound under water, 
192 ; on standards of electrical resist- 


ance, $08. 

Whitworth (Joseph), report on gun- 
cotton, 264. 

Williamson (Prof.) on standards of elee- 
trical resistance, 808 ; on a uniformity 
of weights and measures, 375 ; on the 
composition of the g evolved br 
the th spring called King’s Bath. 


Woodward (Henry) on the structure aad 
classification of the fosail crustaces, 
$20. 

Wrottesley, A. Follett Osler on variation: 
in direction and motion of the air st, 


264. 
Wrottesley (Lord) on a uniformity a 
weights and measures, 376. 


Yates (James) on a uniformity of weigh? 
and measures, 375. 

Young (Dr. John) on the distribution £ 
the vertebrate remains from the Nort 
Staffordshire coal-field, 317. 


Zoological nomenclature, report of s 
committee on the rules of, 25. 
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TO 


MISCELLANEOUS COMMUNICATIONS TO THE 
SECTIONS. 


[.4n asterisk (*) signifies that no abstract of the communication is given. ] 


Aachensee, W. Mattieu Williams on 
some vegetable deposits in the, 78. 
Abel (F. A.), notes on compounds of 

copper an phos horus, 27. 
Acetic series, Dr. Frankland on the con- 
stitution of the acids of the, 30. 

Acids, Dr. Crace-Calvert on the action 
of, on metals and alloys, 28. 

of the acetic, lactic and lic 
series, Dr. Frankland on the constitu- 
tion of the, 30. 

Acland (Dr. Henry W.), his address as 
president of Subsection D, 94. 

Acrylic series, Dr. Frankland on the 
constitution of the acids of the, 30. 

“Adams (W. B.) on the division of Ja- 
bour, 135. 

Adame-Reilly (A.) on a recent survey of 
the chain of Mont Blanc, 128. 

Aérial navigation, F. W. Brearey on, 17. 

*Agates found in England, Prof. Ten- 
nant on the, 76. 

Agricultural experiments made in 1864, 

r. Stevenson Macadam on the results 
of, 31. - 

Air, Dr. Angus Smith on a method of 
estimating carbonic acid in the, 365. - 

, on machinery for compressing, and 
the applicability of such compressed air 
for working coal-cutting and other un- 
derground machinery,T. Levick on, 185. 

*Alum Bay, Isle of Wight, W. S. Mit- 
chell on hitherto unrecorded leaf 
forms, &c. from, 68. 

America, South, David Forbes on some 

' minerals from, 29. 

, South, David Forbes on the exist- 

ence of gold-bearing eruptive rocks 

in, 52. 

, North, Principal J. W. Dawson on 

the succession of palsozoic floras in, 


Ammonia in blood, Dr. A. Gamgee on 
experiments confirmatory of those of 
Kuhne on the non-existence of, 107. 

Amphibious animals, F. Galton on the 
vision of, 10. 

Amsterdam, Dr. P. L. Sclater on the 
birth of a young Hippopotamus in the 
Zoological Society's Gardens at, 93. 

Anceus, C. Spence Bate and Professor 
Westwood on the genus, 83. 

Anemometer, A. Follett Osler on an, 
for the registration of cyclones or 
other tropical hurricanes, 19. 

*_., S. B. Howlett on a self-record- 
ing, 21. 

“Aniline process in photography, W. 
Willis on the, 40. 
Animals, J. Thrupp on the domestica- 
tion of certain, in England, between 
the seventh and eleventh centuries, 


94, 

Annelida from Guernsey, E. Ray Lan- 
kester on, 65. 

Anthropology of England and Wales, 
D. Macintosh on the com tive, 122, 

Arabia, Lieut.-Col. L. Pelly on, 126. 

*Arbogast’s method, Prof. Sylvester on 
Prof. Price’s modification of, 9. 

Arctic exploration, Rear-Admiral E. 
Ommanney on, 125. 

Arithmetic, dual, O. Byrne on, 6. 

Arithmetical division, Dr. C. M. Ingleby 
ona method of discovering remainders 


in, 7. 

*Arlidge (J. T.) on the duration of life, 
the prevailing diseases, and the causes 
of death of potters, 135. 

Arms manufacture of Birmingham, J: 
D. Goodman on the small, 150. 

Armstrong (Sir William G.), Address as 
president of Section G, 164. 

, on chain-testing machines, 166. 
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Asia, Central, Sir H. C. Rawlinson on 
the Russian frontiers in, 128. 

Atmosphere, John Smyth, jun., on an 
apparatus for the determination of the 
ozone in the, and experiments made 
therewith by means of the aspirator, 
37. 

Australia, Dr. F. Mueller on M‘Intyre’s 
journey across Australia, and disco- 
very of traces of Leichhardt, 124. 

Avery (Thomas) on the municipal ex- 

enditure of the borough of Birming- 
am, 139. 


*Buailey (S.) on the economic value of 
the various measures of coal and iron- 
stone in the South Staffordshire coal- 
field, 48. 

Bain (Rev. W. J.) on the social, educa- 
tional and religious position of the 
working population of South Stafford- 
shire, 140, 

Baines (T.) on Victoria Falls of the 
River Zambesi, 112. 

Baker (Samuel), letter from, to Sir R. 
J, Murchison on Luta Nzigé, a second 
source of the Nile, 112. 

Barometer, Alfred King on the self-re- 
gistering, at the Liverpool Observa- 
tory, 18. 

, W. Symons on an improved stand- 


Bate (C. Spence) on the genus Anceus, 
3 


*Beale (Dr. Lionel S.) on life, 101. 

Beef as a source of Entozoa, Dr. Cob- 
bold on, 102. 

Bennett (Dr. J. Hughes) on the forma- 
tion of pus, in reference to the doc- 
trine of cell pathology, 101; statistics 
of pneumonia, 144. 

Bessemer (Henry) on the manufacture 
of cast steel, its progress, and employ- 
ment as a substitute for wrought iron, 


165. 

*Birch-tree, Dr. Jordan on an abnormal 
growth of a bud of a birch-tree, 82. 
*Bird (HI.) on the utilization of sewage, 

as conducted at Stroud, and on ‘the 
growth of the sewage plant, 28. 
Birds, Thomas J. Moore on some im- 
proved methods of displaying, 92. 
Birmingham, Dr. Fleming on the preva- 
_lence of tapeworm in, and its causes, 
106. 
——, D. Smith on the meteorology of, 


—, J. D. Goodman on the small arms 
manufacture of, 150. 
J. G. Johnson on the Benefit 
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Building and Freehold Land Societies 
of, 154. 

Birmingham, J. Thackray Bunce on the 
statistics of crime in, as compared with 
other large towns, 145. 

, Thomas Avery on the municipal 
expenditure of the borough of, 135. 
*_—_, B. Smith on warming, lighting, 

and ventilating the Town Hall of, 190. 

——, W. L. Sargant on the vital statis- 
tics of, 155. 

Blackbird, Dr. O'Callaghan on a curious 
preserved specimen of the, 92. 

Bluke (Dr. C. Carter) on certain simious 
skulls, with especial reference to a 
skull from Louth, in Ireland, 114. 

Blast furnaces, E. A. Cowper on. the 
effect of blowing, with blast of very 
high temperatures, 177. 

Blast-furnace slag, Frederick George 
Kinch on the utilization of, 29. 

Blood, Dr. A. Gamgee on experiments 
confirmatory of thase of Kiihne on the 
non-existence of ammonia in, 107. 

Boata, G. Fawcus on improvements m 
blocks for lowering shine’ and for im- 
provements in boats, 1&4. 

*Bokhara, Dr. A. Vambéry on the city 
life of, 131. 

“Bowring (J. C.) on the direction of the 
electric current, 28; on the preserva- 
tion of the sh athing of ships, and ex- 
traction of silver from sea-water by 
means of electricity, 2. 

Brain, Dr. Edwards Crisp on the relative 
weight of the, and on the external 
form of this organ, in relation to the 
intelligence of the animal, 8-4. 

, Robert Dunn on the influence of 
civilization upon the development of 
the, in the different races of man, 119. 

Bramwell (F. I.) on weldless cir- 
cular rolling, and railway wheels, 
173. 

*Brazil, G. R. Rumney on a coal-field 
in, 73. 

Brearey (F. W.) on aérial navigation, 
suggested by Mr. Glaisher’s late bal- 
loon ascents, 17. 

British Colonies, Dr. J. E. De Vrij on 
the possibility of manufacturing Né- 
roli in the, 39. 

Brodie (Rev. P B.) on a section of lower 
lias at Harbury, near Leamington, 
48; on the fossiliferous beds of the 
new red sandstone (upper and lower 
keuper) in Warwickshire, 48 ; op two 
new species of corals in the lias of 
Warwickshire, 49; on the drift in 
part of Warwickshire, and on the evi- 
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dence of glacial action which it affords, 


*Bromine, Dr. Phipson on sponges as a 
source of, 3-. 

Bronze age in Western and Northern 
Europe, Thomas Wright on the true 
assignation of the bronze weapons, 
&c. supposed to indicate a, 181. 

Brown (R.), explorations in the interior 
of Vancouver Island, 116. 

Bunce (J. Thackray) on the statistics of 
crime in Birmingham, as compared 
with other large towns, 145. 

- Burgoyne ((General Sir J. F., Bart.) on 
railways in war, 173. 

Burt (G.) on a pneumatic hammer, 175. 

Button-holes, J. M. Clements on a ma- 
chine for stitching, 176. 

Byrne (0O.) on dual arithmetic, 6. 


Cables, C. W. Siemens on the outer 
covering of deep-sea, 187. 

, deep-sea, William Fairbairn on 
some of the causes of the failure of, 178. 

——, W. Fairbairn on india-rubber and 
gutta percha as insulators for sub- 
marine telegraphic, 14. 

Canada, Principal J. W. Dawson on the 
fossil plants of the post-pliocene de- 
posita of, in connexion with the cli- 
mate of the period, and the formation 
of boulder clay, 50. 

Cannibalism in Europe, Dr. Charnock 
on, 117. 

, J. Crawfurd on, in relation to 
ethnology, 118. 

*Capello, (J. 3.) on the great storm of 
December 1864, on ‘the coast of the 
Peninsula, 17; on the magnetic storm 
of the beginning of August 1865, as 
recorded by the self-recording mag- 
netographs at the Kew and Lisbun 
Observatories, 20. 

*Capewell (L. P.) on the organic re- 
mains of the coal-measures, 49. 

Carbon, Dr. J. H. Gladstone on the re- 
fraction equivalent of, 11. 

Carpenter (Dr. P. P.) on the regard due 
to usage and utility, as well as mere 
priority in fixing geological nomen- 
clature, 83. 

Carte (Dr.) on the voracity of Chiasmo- 


dus, 84. 

*Cattle murrain, Dr. Shettle on the 
causes of the, 111. 

Cell pathology, Dr. J. Hughes Bennett 
on the formation of pus, in reference 
to the.doctrine of, 101. 

Cephalaspis, E. Ray Lankester on the 

ritish species of, 65. 
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Cerebellum, Dr. W. Dickenson on the 
functions of the, 106. 

Civilization, Robert Dunn on the in- 
fluence of, upon the development of 
the brain in the different races of man, 

Chain-testing machines, Sir William G. 
Armstrong on, 165. 

*Chalk at Withingham, near Norwich, 
J. E. Taylor on contortions in the, 76. 

Chandless (W.) on an ascent of the 
river Purus, 116. 

Channel Islands, J. Gwyn Jeffreys on 
the occurrence of certain foasil shells 
in the sea-bed adjoining the, 62. 

Channel Island seas, Rev. A. Peacock 
on extensive and deep sinkings of 
lands in the, 70. ; 

Characteristics, Prof. T. A. Hirst on 
Chasles’s method of, 6. 

Charnock (Dr.) on cannibalism in Eu- 
rope, 117. 

ad on the origin of the Gipsies, 117. 

Chasles‘s method of characteristics, Prof. 
T. A. Hirst on, 6. 

Chiasmodus, Dr. Carte on the voracity 


of, 84. 

Chloéon (Ephemera) dimidiatum, Sir 
John Lubbock, Bart. on the transfor- 
mations of, 89. 

Chlorophylle, Dr. W. Hinds on the iden- 
tity of origin of, 8]. 

Clark (D. K.) on torbite (a new prepa- 
ration of peat) and ita uses, 176. 

Claudet (A.) on moving photographic 
fiyures, illustrating some phenomena 
of vision connected with the combi- 
nation of the stereoscope and the phe- 
nakistoscope by means of photogra- 


phy, 9. 

Cleghorn (Dr.) on the Deodar forests of 
the Himalaya, 79. 

Clements (J. M.) on a machine for 
stitching button-holes, 176. . 

Climate, T. L. Plant on the anomalies 
of our, 19. 

Clwyd, North Wales, George Maw on 
some fossiliferous strata occurring be- 
tween the bunter sandstone and moun- 
tain limestone of the vale of, 67. 

Coalbrook Dale, Rev. W. Penton on the 
geology of, 72. 

Coal-cutting and other underground 
machinery, T. Levick on machinery 
for conipressing air, and the applica- 
bility of such compressed air for 
working, 185. - 

Coal-field, H. Johnson on the extent 
and duration of the South Stafford- 
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*Coa'-field, C. Twamley on the faults 
in the South Staffordshire, and their 
relation to the igneous rocks of the 
district, 70. 

in Branl, @. R. Rumney on a, 73. 

*——.,, South Staffordshire, S. Bailey on 
the economic value of the various 
measuree of coal and ironstone in the, 
48. 


*Coal-measures in Mold Valley, W. Ness 
on the, and their products, 68. 

of Upper Silesia, Prof. F. Roemer 
on a fozail spider lately discovered in 
the, 73. 

*—_—, L. P. Capewell on the organic 
remains of the, 49. 

Coal-pit, Lovibond Percival on the for- 
mation of pyrites in a South Stafford- 
shire, 71. 

Cobbold (Dr.) on beef and pork as 
sources of Entozoa, 102 ; on specimens 
of Entozoa, 1. 

Comoro Islands, Lieut.-Col. L. Pelly on 
the, 127. 

Conchological inquiries, Dr. Mérch on 
the scope of, 91. 

Connemara and Joyce's country, Prof. 
Harkness on the metamorphic rocks 
and serpentine marbles of, 59. 

Copper and phosphorus, F. A. Abel on 
compounds of, 27. 

Corals, Rev. P. B. Brodie on two new 

ies of, in the lias of Warwick- 
ire, 49. 

Cornea, Dr. W. H. Lightbody on the 
vascular arrangements of the, 108. 

Cornwall, W. Pengelly on the insula- 
tion of St. Michael’s Mount in, 71. 

Cotton fibre, E A. Cowper on a new 
cotton gin for separating, from the 
seed, 176. ee 

Cotton machinery, D. Morris on the past 
and present productive power of, 155. 

Cowper (E. A.) on a new cotton gin for 
separating cotton fibre from the seed, 
176; on the effect of blowing blast 
furnaces with blast of very high tem- 
peratures, 177. 

Cox (S. N. F.) on Siemens’s regenera- 
tive gas-furnaces and producers, 177. 

Crace-Calvert (Dr.) on the action of 
acids on metals and alloys, 28. 

Crawfurd (J.) on the Uriental Negro, 
117; on the physical and mental cha. 
racteristics of the African or Occiden- 
tal negro, #b.; on cannibalism in re- 
lation to ethnology, 118. 

Crime, J. Thackray Bunce on the statis- 
tics of, in Birmingham, as compared 
with other large towns, 145. 
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Crisp (Dr. Edwards) on the relative 
weight 


of the brain, and on the exter- 

nal form of this organ, in relation to 
the intelligence of the animal, 84; on 
the food and habits of the mole, spar- 
row, and of the Vespidse, 85; on the 
externa form of the hand and brain” 
of the Orang (S. satyrus), 36. 

Crustacea, fossil, Henry Woodward 05 
a new chart of, 79. 

Cullen (Dr.) on the Isthmus of Panama 
and inter-oceanicshipcanal routes, 118. 

Gare on the Darien Indians, J 19. 

C , . Tylor on the negro- 
European dialects of, 130. 

*Curtis (Prof. A. H.) on certain theorems 
in Laplace’s discussion of the figure of 
the earth and precession and nuta- 


tion, 6. 

*Cyanogen, T. Fairley on the reactions 
of, 29. 

Cyclones, A. Follett Oaler on an ane- 
mometer for the registration of, 19. 


D’Alembert’s principle to the rotation 
of a rigid masa, Dr. Stevelly on the 
application of, 8. 

*Darien Indians, Dr. Cullen on the, 119. 

Davy (Dr. John) on the effects of scanty 
and deficient diet, 102; Is the opinion 
that a diet of animal food conducea to 
leanness well founded on facts ? 104 

Dawson (Principal J. W.) on the suc- 
cession of palsozoic floras in North 
America, 50; on the fossil ts of 
the post-pliocene deposits of Canads 
in connexion with the climate of the 
period, and the formation of boulder 


clay, ¢. 

*Day (E. C. H.) on the history of the 
Jurassic seas, as evidenced by the his- 
tory of the first liassic sea, 51; on a 
head of Hybodus Delabechei, 26. ; un 
the lower lias of Lyme Regis, sd. 

Dechen (G. H. von) on the large Pras- 
sian geological map of the Rhenish 
Provinces and Westphalia, 51. 

Deglutition, George Duncan Gibbe’s re- 

tation of the view recently pro- 
pounded that the food comes into con- 
tact with the vocal cords in, 107. 

Denudation, D. Mackintosh on the rela- 

tive extent of atmospheric and oceanic, 


65. 

Deodar forests of the Himalaya, Dr. 
Cleghorn on the, 79. 

Devon, Dr. W. R. Scott on the occur- 
rence of Orcynus alalonga on the coast 


re ° ° 
De Vrij (Dr. J. E.) on the possibility of 
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manufacturing Néroli in the British 
Colonies, 38; on the rotatory power 
of several essential oils, 40. 

Dickenson (Dr. W.) on thie functions of 
the cerebellum, 106. 

Didus, Edward Newton on a remarkable 
discovery of bones of, in the island of 
Rodriguez, 92. 

Diet, Dr. J ohn Davy on the effects of 
scanty and deficient, 102. 

Disease, Dr. Moffat on, 90. 

Divers, F. Galton on s les for, 10. 

Dolgelly, J. W. Salter’s explanation of 


a map of the faults in the gold dis- 
trict of, 73. ° 
Drift in of Warwickshire, and on 


the evidence of glacial action which 
it affords, the Rev. P..B. Brodie on 
the, 49. 

Drift A. Startin on the, in the parish of 
Exhall, north of Coventry, 74. 

Drifts and old river beds of Siluria, Rev. 
W. S. Symonds on some ancient, 74. 

Drunkenness, R. Wilkinson on the po- 


lice-recognized, of the metropolis, 156. 
Dudley, C. Ketley on the Silurian rocks 
and fossils of, 


*Dudley, Henry C. Roper on the physi- 
cal and geographical features of the 
country ten miles round, 156. 

*Duncan (Dr.) on two new species of 
aporose Madreporaria, from Guernsey, 


Dunn (Robert) on the influence of civi- 
lization upon the development of the 
brain in the different races of man, 
119. 


Earth, W. H. L. Russell on the calcu- 
lation of the potential of the figure of 
the, 8. 

Earthquakes, R. A. Peacock on steam as 
the active agent in, 68. 

*Electric current, J. C. Bowring on the 
direction of the, 28. 

Electrical resistances, R. Sabine on a 
new method, introduced by Messrs. 
Siemens, for the measurement of, 
16. 


Embryonic life, Samuel -H. Parkes on 
the early development of organs in, 
00 


109. 

England, J. Thrupp on the domestication 
of certain animals in, between the 
seventh and eleventh centuries, 04. 

Entozoa, Dr. Cobbold on specimens of, 
102; on beef and pork as sources of, 


tb. 
Esparto fibre, or Spanish grass, Dr. Ste- 
venson Macedam on, and its employ- 


201 
ment in the manufacture of paper, 


Essential- oils, Dr. J. E. De Vrij on the 
rotatory power of several, 40. 

Ethnology, J. Crawfurd on cannibalism 
in relation to, 118. 

——, Rev. F. W. Farrar on language 
and, 120. 

Evans (J.) on the worked flints of Pres- 

signy le Grand, 120. 

Exp oration, arctic, Rear-Admiral E. 

mmanney on, 125. 

33 C. R. Markham on North Polar, 


Fairbairn (William) on india-rubber 
and gutta percha as insulators for sub- 
marine telegraphic cables, 14; on some 
of the causes of the failure of deep- 
sea cables, and experimental researches ~ 
on the permanency of their insulators, 

“Fairley (T.) on the reactions of cyano- 

ny note on glycocine, with tables, 


Farrar (Rev. F. W.) on language and 
ethnology, 120. 

Fawcus (George) on improvements in 
blocks for lowering ships’ boats and 
for improvements in boats, 184. 

Fellows (F. P.) on the practical advan- 
tages of the metric system of weights 
and measures, 147. 

*Ferns, E. J. Lowe on the propagation 
of, by means of spores, 83. 

Finch (Frederick George) on the utili- 
zation of blast-furnace slag, 29. 

*Fire, G. B. Galloway on the means of 
saving life from buildings which may 
be on, 150. 

Fleming ( Dr.) on the prevalence of tape- 
worm in Birmingham, and its causes, 

06. 
Flints of Pressi 1° Grand, J. Evans 


——, Prof. Steenstrup and Sir J. Lub- 
bock, Bart., on the, 129. 

Flora of New Zeala.d, Dr. W. Lauder 
Lindsay on the relations of the south- 
ern to the northern, 82. 

Fetus in the vertebrata, Prof. Macdonald 
on the development of the vascular 
system of the, 108. 

Food, animal, diet of, conduces to lean- 
ness well founded on facta, by Dr. John 
Davy, 104. 

Forbes (Principal), experimental inquiry 
into the laws of the conduction of 
heat in bars, and into the conducting- 
power of wrought iron, 12. 
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Forbes (David) on some minerals from 
South America, 29; on the colour of 
gold as seen by transmitted light, 30; 
on the existence of gold-bearing erup- 
tive rocks in South America, which 
have made their appearance at two 
very distinct geological periods, 52; 
on the igneous rocks of South Staf- 
fordshire, 58. 

Formosa, R. Swinhoe on the Aborigines 
of, 129. 

Formule, Dr. T. Wood on the new, with 
reference to schools and examinations, 


40. 

Fossil plants of the post-pliocene depo- 
sits df Canada, Principal J. W. Dew- 
son on the, 50. 

Fossils of Dudley, C. Ketley on the 
Silurian, 638. 

Fox (Rev. W.) on a new Wealden 
Saurian named Polacanthus, 56. 

Frankland (Dr.) on the constitution of 
the acids of the acetic, lactic, and 
acrylic series, 30. 


*Galloway (G. B.) on mtercommuni- 
cation between railway passenzers, 
150; on improvements applicable to 
the city of London and other large 
towns, to improve health and pre- 
serve life, «b.; on the means of saving 
life from buildings which may be on 
fire, 2d. 

Galton (F.) on spectacles for divers, and 
on the vision of amphibious animals, 


10. 

Gamgee (Dr. A.) on experiments con- 
firmatory of ‘hove of Kiihne on the 
non-existence of ammonia in blood, 
1 


Gas-furnaces and producers, S. N. F. 
Cox on Siemens’s regenerative, 177. 
Gassiot (J. P.) on the change of form 
and colour which the stratified dis- 
charge assumes when a varied resist- 
tance is introduced in the circuit of 
an extended series of the voltaic bat- 

tery, 15. 

*Geometry, Prof. Pliicker on a new 
method in, 7. 

Gibb (George Duncan), refutation of the 
view recently propounded that the 
food comes into contact with the vocal 
cords in deglutition, 107. 

Giffard’s injector, J. Robinson on some 
developments of, and improvements 
in, 1 . 


*Gipsies, Dr. Charnock on the origin of 
the, 117. 
Glacial action, Rev. P, B. Brodie on the 
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drift in part of Warwickshire, and «a 
the evidence of which it affords, 49. 
Glaciers North and East of Llangolles, 
W. Mattieu Williams on the ancien: 
and more particularly of the neich- 
bourhood of the Hope Mountain, 77. 

Gladstorfe (Dr. J. H.) on the refractizc 
equivalent of carbon, 11. 

*Glycocine, T. Fairley on, 29. 

*Gold at Gwynfynydd, North Wale, 
T. A. Readwin on the recent discovery 


of, 73. 
Gold-bearing eruptive rocks in Sou: 
America, David Forbes on the exs:- 
*ence of, 62. 


Gold, David Forbes on the colour of. 33 
seen by transmitted light, 30. 

Gold district of Dolgelly, J. W. Salter 
on a map of the faults in the, 73. 

Goodman (J. D.) on the small arms 
manufacture of Birmingham, 150. 

“Great Pyramid, exhibition of phot» 
graphs of the interior of the, tak-2 
with the magnesium light by Prf 
-‘C. Piazzi Smyth, 40. 

Grove (George) on the exploration uf 
the Holy Land, as proposed by tle 
Palestine Exploration Fund, 121. 

Guernsey, E. Ray Lankester on annelida 
from, 65. 

*Gun-cotton, Manning Prentice on the 

rogress of the manufacture of, and 
its application to mining, military anu 
sporting purposes, 34. 

——, Wentworth L. Scott on the actiscn 
of the alkali metals in determininz 
the explosion of, 36. 


Haidinger (W. von) on the progress of 
the Imperial Geological Lnstitute of 
the Austrian Empire, 56. 

Hammer, G. Burt on a pneumatic, 175. 

Harbury, near Leami n, Rev. PR 
Brodie on a section of lower lias at, 46 

Harkness (Prof.) on the Silurian rocks 
of the Isle of Man, 57; on the lozt 
of the Lake country, #.; on fhe me- 
tamorphic rocks an serpentine mar- 
bles 3 Connemara and Joyce’s coun- 
try, 59. . 

Harley (Rev. R.) on the theory of dil- 
ferential resolvents, 6. 

Harrison (J. Park) on the heat attained 
by the moon under solar radiation, 17. 

Heat attained by the moon under sola: 
radiation, J. Park Harrison on, 17. 

, Principal Forbes on the laws of 
the conduction of, in bars, 12. 

*Hewlett (Rev. F.) on the occurrence of 
the bones of extinct Struthious birds 
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in New Zealand in the same oven 
with those of the dog, 86. 
Hiern (W. P.) on Ranunculus radians 
(Revel) as a British plant, 80. 
Highlanders, arctic, C. R. Markham on 


the, 90. 

Hill (Alfred) on the statistics of the 
Post Office Savings’ Banks, 152. . 

Hill (Dr.) on the sanitary and economical 
aspects of the sewage question, 31. 

Himalaya, Dr. Cleghorn on the Deodar 
foresta of the, 79. 

Hinds (Dr. W.) on the identity of origin 
of starch and chlorophylle, 81; on a 
monstrosity of the rose, 82. 

“Hindu Chinese nations, Col. Phayre 
on the ethnology of the, 128. 

Hippopotamus, Dr. Sclater on the birth 
ot a young, in the Zoological Society’s 
Gardens at Amsterdam, 933. 

Hirst (Prof. T. A.) on quadric transfor- 
mation, 6; on Chasles’s method of 
characteristics, 2. 

Holl (Dr. Harvey B.) on ‘the Pre-Cam- 
brian rocks of Central England, 59. 
Holland (Rev. W.) on the geology of 
parts of the Sinaitic Peninsula, 62. 
Holmes (Nath. J.) on district private 

telegraphs, 18-4. 

Holy Land, George Grove on the explo- 
ration of the, 121. 

Hooper (W.) on the applicability of 
india-rubber as an insulator for tele- 
graphic conductors, 184. 

*Housman (Rev. H.), foasil footprints in 
the new red sandstone at Brewood, 
near Wolverhampton, 62. 

“Howlett (S. B) on a self-recording 
anemometer, 21. 

Hughes (W. R) on the development of 
a deep-sea sponge, 86; on specimens 
of Lepidogaster bimaculatus, and L. 
cornubienais, 87. 

Human body, William Turner on vari- 
ability as manifested in the construc- 
tion of the, 111. 

Eiumph (Dr. G. M.) on the homolo- 
gies of the lower jaw, and the bones 
connecting it with the skull in birds, 
reptiles, and fishes, 87 ; on the skeleton 
of a woman xt. 104, 107. 

Hungarians, M. Vambéry on the origin 
of the, 130. 

“Hybodus Delabechei, E. C. H. Day on 
a head of, 51. 

Hydrometer, L. Oertling on the, and its 
adaptation to the present requirements 

f the Board of Inland Revenue, 21. 


Imperial Geological Institute of the 
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Austrian Empire, W. von Haidinger 
on the progress of the, 56. 

India-rubber and gutta percha as insu- 
lators for submarine telegraphic cables, 
W. Fairbairn on, 14. 

India-rubber, W.Hooper on the applica- 
bility of, as an insulator for telegraphic 
conductors, 184. 

Infanticide, E. Vivian on the admission 
of illegitimate children into work- 
houses, as a means of preventing, 156. 

Ingleby (Dr. C. M.) on a method of dis- 
covering remainders in arithmetical 
division, 7, 

Injector, J. Robinson on some develop- 
ments of and improvementsinGiffard's, 


Irby (Miss) on the characteristics of the 
South Sclavonic race, 90 
*Iron, Dr. Phipson on silicium in, 84. 
, wrought, Henry Bessemer on the 
manufacture of cast steel, its progress, 
and employment as a substitute for, 
65 


——, wrought, Principal Forbes on the 
conducting-power of, 12. 

Isle of Man, Prof. Harkness and H. 
Nicholson on the Silurian rocks of 
the, 58. 


Jeffreys (J. Gwyn) on the occurrence of 
certain fossil shells in the sea-bed ad- 
joining the Channel Islands, 62. 

Jerusalem, Capt. T. McNeill and Capt. 
Wilson on surveys relating to the 
water oup ly of, 123. 

Johnson (G. J.) on the Benefit Building 
and Freehold Land Societies of Bir- 
mingham, 154. 

Johnson (H.) on theextent and duration of 
the South Staffordshire coal-field, 63. 

*Jordan (Dr.) on an abnormal growth of 
a bud of a birch-tree, 82; on the Bri- 
tish Lepidoptera, with a view to in- 
vestiyate the origin of species, 89. 

“Jurassic seas, E. C. H. Day on the his- 
tory of the, as evidenced by the history 
of the first liasdic sea, 61. 


Ketley (C) on the Silurian rocks and 
fossils of Dudley, 68. 

King (Alfred) on the self-registering 
barometer at the Liverpool Observa- 
tory, 18. 

Kiihne, Dr. A. Gamgee on experiments 
confirmatory of those of, on the non- 
existence of ammonia in blood, 107. 


*Labour, W. B. Adams on the division 
of, 135. 
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Lactic series, Dr. Frankland on the con- 
stitution of the acids of the, 30. 

Lake country, Prof. Harkness and H. 
Nicholson on the geology of the, 57. 
Land Societies of irmingham, G. J. 

Johnson on the Benefit Building and 
Freehold, 154. 
Language and ethnology, Rev. F. W. 
Farrar on, 120. 
Lankester (re. Ray) on the British 
species of Cephalaspis and the Scotch 
terasple, 65; on annelida from Guern- 


sey, 1b, 

“Laplace's discussion of the figure of the 
earth and Brecession and nutation, 
Prof. A. H. Curtis on certain theorems 


of, 6. 

La Touche (Rev. J. D.) on the nodules 
in the limestone of Wenlock Edge, 
76. 

Laverna, H. T. Stainton on the extra- 
ordinary partiality shown by insects 
of the genus, for plants of the order 

93 


, 93. 

r. D. 8. Price on the action of 

lig tupon sulphide of, and ita bearing 

upon the Preservation of paintings in 
picture galleries, 34. 

*Leaf forms, &c., W. 8S. Mitchell on 
hitherto unrecorded, from Alum Bay, 
Isle of Wight, 68. 

Leichhardt, Dr. F’. Mueller on McIntyre’s 
journey across Australia, and discovery 
of traces of, 124. 

Lendy (Captain) on the topograph, r 
new surveying instrument, 21. 

jepidogaster bimaculatus and L. cornu- 

iensis W. R. Hughes on specimens 
of, 87. 

*Lepidoptera, British, Dr. Jordan on 
the, with a view to investigate the 
origin of species, 89. 

Levi (Prof. Leone) on the statistical 
data in relation to the representation 
of the people, 162. 

Levick (T.) on machinery for compres- 
sing air, and the applicability of such 
compressed. air for working coal-cut- 
ting and other underground machi- 
nery, 185. 

Lias at Harbury, near Leamington, Rev. 

P. B. Brodie on a section of lower, 48. 

of Warwickshire, Rev. P. B. 
Brodie on two new species of corals 
in the, 49. 

° of Lyme Regis, E. C. H. Day on 
the lower, 51. 

*Liassic sea, E. C. H. Day on the his- 
tory of the Jurassic seas, as evidenced 
by the history of the first, 51. 


“Lyme Regis, E. 
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*Life, Dr. Lionel S. Beale on, 101. 

*_—., G. B. Galloway on the means of 
saving, from buildings which may be 
on fire, 150. 

Light, David Forbes on the colour of 
gold as seen by transmitted, 30. 

——, Dr. D. 8. Price on the action of, 
upon sulphide of lead, and its bearing 
upon the preservation of paintings in 
picture galleries, $4. 
ightbody (Dr. W. H.) on the vascular 
arrangements of the cornea, 108. 

Lilleshal Salop, C. J. Woodward on a 

eposit near, containing recent marine 

shells, 79. 

Limestone of Wenlock Edge, Rev. J. T. 
La Touche on the nodules in the, 7ti. 

Lindsay (Dr. W. Lauder) on the rls- 
tions of the southern to the northerz 
flora of New Zealand, 82. 

Llangollen, W. Mattieu Williams on 
the ancient glaciers north and east of, 


*London and other large towna, G. B 
Galloway on improvements applicabie 
to, to improve health and preserve 

*Lowe (E. J.) on the pro tion of 
ferns i means of spores, bse 

Lubbock (Sir John, Bart.) on the trans- 
formations of Chlogon (Ephemers) 
dimidiatum, 89; on the flints of 
Pressigny le Grand, 129. 

*Lumbricus terrestris, Dr. Rolleston on 
certain points in the anatomy of, 110. 

C. H. Day on the 

lower lias of, 51. 


Macadam (Dr. Stevenson) on the results 
of agricultural experiments made is 
1864, $1; on Esparto fibre, or Spe- 
nish grass, and its employment in the 
manufacture of paper, 33. 

Macdonald (Prof.) on the development 
of the vascular system of the foetus in 
the vertebrata, 108. 

Mackenzie (Miss) on the characteristic 
of the South Sclavonic race, 90. 

Mackintosh (D.) on the relative extent 
of atmospheric and oceanic denuda- 
tion, with a particular reference to 
certain rocks and valleys in Yorkshire 
and Derbyshire, 65; on the com 
tive anthropology of England and 
Wales, 122. 

*Madreporaria, Aporose, Dr. Duncan on 
two new especies of, from Guernsey, bt. 

Magnetic storm of the beginning of 
August 1865, as recorded by the self- 
recording magnetographs at the Kew 
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and Lisbon Observatories, J. B. Ca- 
pello and B. Stewart on the, 20. 
Magnetographs, self-recording, J. B. Ca- 
pello and J. B. Stewart on the mag- 
netic storm of the beginning of August 
1865, as recorded by the, at the Kew 
and Lisbon Observatories, 20. 
Magnets, Capt. Selwyn on some new 
arrangement of the poles of, 17. 
*Mammoth Cave, Kentucky, Dr. Rol- 
leston on certain points in the ana- 
tomy of two ani from the, 110. 
Man, Robert Dunn on the influence of 
civilization upon the development of 
the brain in the different races of, 119. 
Map of the Khenish Provinces and West- 
alia, G. H. von Dechen and Prof. 
& Romer on the | geological, 51. 
Marbles, serpentine, of Connemara and 
Joyce’s country, Prof. Harkness on the, 
59. 


Marine boiler incrustation, Dr. “Aug. 
Voelcker on the composition of a, 39, 

Markham (C. R.) on the Arctic High- 
landers, 90; on the North Polar ex- 
ploration, 123. 

Maskelyne (Prof.) on crystals of Mela- 
conite, and on Tenorite, 33. 

Matterhorn, Edward Whymper on the 
structure of the, 76. 

Maw (George) on some fossiliferous 
strata occurring between the bunter 
sandstone and ‘mountain limestone of 
the Vale of Clwyd, North Wales, 67; 
on an extensive distributiog of white 
sands and clays in North Wales ante- 
cedent to the boulder clay drift, 68. 

Mc«Intyre’s journey across Australia, and 
discovery of traces of Leichhardt, Dr. 
F. Mueller on, 124. 

M°Kay (Rev. A. W.) on the red sand- 
stone of Nova Scotia, 66; on the 
Turdus migratorius, 90. 

M«Neill (Capt. T.) on surveys relating 
to the water supply of Jerusalem, 123. 

Measures of length, James Yates on 
mural standards for exhibiting the, 
legalized in the United Kingdom, 159. 

Melaconite, Prof. Maskelyne on crystals 
of, and on Tenorite, 33. 

Metals, Wentworth L. Scott on the ac- 
tion of the alkali, in determining the 
explosion of gun-cotton, 35. 

Metals and alloys, Dr. Crace-Calvert on 
the action of acids on, 28. 

Meteorology of Birmingham, D. Smith 


on the, 19. 

Metric m of weights and measures, 
FA. Fellows on the practical advan- 
tages of the, 147. 
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Miller (Prof. W. A.), address as president 
of Section B, 22. 

Minerals from South America, David 
Forbes on some, 29. 

*Mitchell (W. 8.) on hitherto unre- 
corded leaf forms, &c. from Alum Bay, 
Isle of Wight, 68. 

Moffat (Dr. J.) on phosphorescence, 
storms and disease gb. 

*Mold Valley, W. Ness on the coal- 
measures in, and their products, 68. 
Mole, Dr. Edwards Crisp on the food 

and habits of the, 865. 

Mollusca, Dr. Mérch on the zoological 
affinities of the, 91; and on the clas- 
sitication of the, #6. 

Mont Blanc, A. Adama-Reilly on a recent 

survey of the chain of, 128. 

Moore (Thomas J.) on some improved 
methods of displaying birds in public 
museums, 92, 

Morch (Dr.) on the scope of concholo- 
gical inquiries, 91; on the zoological 
affinities of the mollusca, #b.; on the 
classification of the molluaca, 16, 

Morris (D.) on the past and present pro- 
ductive power of cotton machinery, 


Mueller (Dr. F.) on M¢Intyre’s journey 
across Australia, and discovery of 
traces of Leichhardt, 124. 

Mural standards for exhibiting the mea- 
sures of length legalized in the United 
Kingdom, James Yates on, 159. 

Murchison (Sir Roderick I.), address as 

resident of Section C, 41; letter from 
amuel Baker on Luta Nzigé, a second 
source of the Nile, 112. 


Negro, J. Crawfurd on the Oriental 
117; and on the physical and mental 
characteristica of the African or Occi- 
dental, 4, \ 

Negro-European dialects of Surinam and 


on the coal-measures in 
Mold Valley, and their products, 68, 

New red sandstone (upper and lower 
keuper) in Warwickshire, Rev. P. B. 
Bro ie on the fossiliferous beds of the, 


*—— at Brewood, near Wolverhamp- 
ton, Rev. H. Housman on fossil foot- 
prints in the, 62. 

Newton (Edward) on a remarkable dis- 
covery of bones of Didus in the island 
of Rodriguez, 92. 
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New Zealand, Dr. W. Lauder Lindsay 
on the relations of the southern to the 
northern flora of, 82. 

Rev. F. Hewlett on the occurrence 

of the bones of extinct struthious birds 

in, in the same oven with those of the 


og, 86. 
Nicholson (H.) on ‘the geology of the 
Lake country, 57. 

“Nitrogen, Dr. Phipson on sponges as a 
source of, 34. . 
*Norman (Rev. A. M.) on the structure 

and development of Salpa spinosa 
(Otto), as observed at Guernsey, 92. 
Norris (Dr. R.), Rigor Mortis not mus- 
cular contraction, 109. 
North Wales, Dr. Aug. Voelcker on 
phosphatic depositarecently discovered 
in, 37. 


~—-—, George Maw on an extensive dis- 
tribution of white sands and clays in, 
antecedent to the boulder clay drift, 


68. 
Nova Scotia, Rev. A. W. M«Kay on the 
red sandstone of, 66. 


O’Callaghan (Dr. P.) on a curious Pp - 
served specimen of the blackbird, 92. 
Oertling (L.) on the hydrometer and its 
adaptation to the present require- 
ments of the Board of Inland Revenue, 


21. 

Oils, Dr. J. E. De Vrij on the rotatory 
power of several essential, 40. 

Ommanney (Rear-Admiral E.) on arctic 
exploration, 125. 

Onagraces, H. T. Stainton on the extra- 
ordinary partiality shown by insects 
of the genus Laverna for plants of the 
order, 93. 

Orang (S. satyrus), Dr. Edwards Cris 
on the external form of the hand an 
brain of the, 86. 

Orcynus alalonga, Dr. W. R. Scott on 
the occurrence of, on the coast of 
Devon, 93. 

Osler (A. Follett) on an anemometer for 
the registration of cyclones or other 
tropical hurricanes, 19. 

Ozone, Dr. B. W. Richardson on certain 
physiological experiments with, 110. 
Ozone in the atmosphere, John Smyth, 
jun., on an apparatus for the deter- 
mination of the, and experiments made 
therewith by means of the aspirator, 

8 


Paintings in picture galleries, Dr. D. S. 
Price on the action of light upon sul- 
phide of lead, and its bearing upon 
the preservation of, 34. 
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Palseozoic florasin North America, Prin- 
cl v J. W. Dawson on the succeszion 
of, 50. 

Palestine Exploration Fund, Geo 
Grove on the exploration of the Hely 
Land, as proposed by the, 121. 

Panama, Dr. Cullen on the Isthmus of, 
and inter-oceanic ship canal routes, 

Paper, Dr. Stevenson Macadam on Es 
parto fibre, or Spanish grass, and its 
employment in the manufacture of, 


3. 
Parkes (Samuel H.) on the early de 
velopment of organs in embryonic life, 


Parkesine, Owen Roland on the pr- 
perties of, and its application to the 
arts, manufactures, and telegraphr, 
84. 


Patagonia, Rev. W. H. Sterling on the 
natives of, 9-4. 


* Patents. and copyrights, Prof. Rogers 


on, 156. 
Peacock (R. A.) on steam as the active 
agent in earthquakes, 68; on exten- 
sive and deep ainkings of land in th 
Channel Islands seas, and on ecm 
changes of the French coast of the 
Bay of Biscay within the historical 


period, 70. 
Pelly (Lieut.-Col. L.), notes on Arabia, 
; on the Comoro Islands, 127. 

° on the Seychelle Islands, 126; on 
the shores of the Persian Gulf, #6. 

Pengelly (W.) on the insulation of St. 

ichael’s Mount in Cornwall, 71. 

People, Prof. Leone Levi on the sta- 
tistical data in relation to the repr- 
sentation of the, 162. 

Percival (Lovibond) on the formation 
of pyntes in a South Staffordshire 
coal-pit, 71. 

*Persian Gulf, Lieut.-Col. Lewis on the 

. prores ‘ec the, 126, 

ayre (Col.) on the ethnology of the 
Hindy-Chinese nation 128 

Phillipa (Prof.) on glacial striation, 71. 

*Phipson (Dr.) a few words on sponges 
as a source of bromine and of nitroge 
84; on silicium in iron, % ; on the sub- 
limed oligist of Vesuvius, and its arti- 
ficial production, 2. 

Phosphorescence, Dr. Moffat on, 90. 

Phosphorus and copper, F. A. Abel on 
compounds of, 27. 

Photographic figures, A. Claudet on 


moving, 9. 
“Photography, W. Willes on the aniline 
process in, 40. 
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Phosphatic deposite recently discovered 
in North Wales, Dr. Aug. Voelcker 
on, 37. 

*Phrenology, or the physiology of the 
brain, the most important department 
of ethnology, Dr. Prideaux on, 92. 

Phyllopodous crustacean from the Moffat 
shales, Mr. Henry Woodward on a 
new, 78. 

Pile-driver, W. Sissons on a patent steam, 
190 


Plant (T. L.) on the anomalies of our 
climate, 19. 

*Pliicker (Prof.) on a new method in 
geometry, 7. 

Pneumonia, Dr. John H. Bennett on 
statistics of, 144. 

Polacanthus, Rev. W. Fox on a new 
Wealden saurian named, 56. 

Pork as a source of entozoa, Dr. Cobbold 
on, 102. 

Post-Office Savings’ Banks, Alfred Hill 
on the statistics of the, 152. 

*Potters, J. T. Arlidge on the duration 
of life, the prevailing diseases, and the 
causes of death of, 1°35. 

Pre-Cambrian rocks of Centra] England, 
Dr. Harvey B. Holl on the, 59. 

*Prentice (Manning) on the progress of 
the manufacture of gun-cotton, and 
its application to mining, military, 
and sporting purposes, 34. 

Pressigny le Grand, J. Evans on the 
worked flints of, 120 


, Prof. Steenstrup and Sir J. Lub- 
bock, Bart., on the flints of, 129. 

Price (Prof.) on some applications of the 
theory of probabilities, 7. 

on the extension of Taylor’s the- 
orem by the method of derivations, 7; 
Prof. Sylvester on his modification of 
Arbogast’s method, 9. 

Price (Dr. D. 8.) on the action of light 
upon sulphide of lead, and its bearing 
upon the preservation of paintings in 
picture galleries, 34. 

*Prideaux (Dr) phrenologyv, or the phy- 
siology of the brain, the most im- 

rtant department of ethnology, 92. 

Probabilities Prof. Price on some ap- 
plications of the theory of, 7. 

——,, Prof. Sylvester on a special class of 
questions on the theory of, 8. 

Purton (Rev. W.) on the geology of 
Coalbrook Dale, 72. . 

Purus, W. Chandless on an ascent of the 
river, 116. 

Pus, Dr. J. Hughes Bennett on the for- 
mation of, in reference to the doctrine 
of cell pathology, 101. 
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Pteraspis, E. Ray Lankester on the 

British species of, 65. 

Pyrites, Lovibond Percival on the for- 
mation of, in a South Staffordshire 
coal-pit, 71. 


Quadrie transformation, Prof. T. A. 
Hirst on, 6. 

“Railway passengers, G. B. Gallowa 
on intercommunication between, 150. 

Railways in war, Gen. Sir J. F. Bur- 
goyne, Bart., on, 173. 

*Rainbow, Cornelius Varley on an in- 
strument by which any, that can pos- 
sibly appear within the area of any 
picture, may be indicated in its right 
place and of the true size, 22. 

Rankine (W. J. Macquorn) on the se- 
cond law of thermodynamics, 18. 

Ranunculus radians (Revel) as a British 
plant, W. P. Hiern on, 80. 

Rawlinson (Sir H. C.) on the Russian 
frontiers in Central Asia, 128. 

*Readwin (T. A.) on the recent dis- 
covery of gold at Gwynfynydd, North 
Wales, 73. 

Record of Zoological Literature for 1864, 
exhibited by Dr. E. P. Wright, 94. 
Red sandstone of Nova Scotia, Rev. A. 

W. M*Kay on the, 66. 

*Repulsion, George E. Roberts on the 
theory of, as illustrative of physical 
geology propounded by Dr. Winslow 
of Boston, 73. 

Resolvents, Rev. R. Harley on the 
theory of differential, 6. 

Richardson (Dr. B. W.) on certain phy 
siological experiments with ozone, 110, 

Rigor mortis not musc contraction, 
Dr. R. Norris on, 109. 

“Roberts (George E.) on the theory of 
repulsion as illustrative of physical 
geology propounded by Dr. Winslow 
of Boston, 73 

Robinson (J.) on some developments of 
and improvements in Gi ‘a injec- 


tor, 186. 

Rocks in South America, David Forbes 
on the existence of gold-bearing erup- 
tive, 52, 

——, igneous, of South Staffordshire, 
David Forbes on the, 53. 

——,, Silurian, of the Isle of Man, Prof. 
Harkness and H. Nicholson on the, 58, 

——, Pre-Cambrian, of Central England, 
Dr. Harvey B. Holl on the, 59. 

——-, metamorphic, Prof. Harkness on 
the, of Connemara and Joyce’s country, 
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Rocks, Silurian, of Dudley, C. Ketley on 

the, 63. 

Rodris ez, Edward Newton on a re- 
markable discovery of bones of Didus 
in the island of, 92. 

Roemer f. Ferd.) on a fossil spider 
lately discovered in the coal-measures 

a Upper aan 73. 3 

. rs on patents and copy- 

ents, 155.) P 

*Rolleston (Dr.) on certain points in the 
anatomy of two animals from the 
Mammoth Cave, Kentucky, 110; on 
certain points in the anatomy of Lum- 

RS, ee prot ED "on th large Prussian 
Omer . BE.) on the i 
geological map of the Rhenish Pro- 
vinces and Westphalia, by, 51. 

*Roper (Hen £ on the physical and 

eographical features of the coun 
ten miles round Dudley, 155. my 

Rose, Dr. W. Hinds, on a monstrosity 
of the, 82. 

Rowland (Owen) on the properties of 
Parkesine, and its application to the 
arts, manufactures, and telegraphy, 


34. 

*Rumney (a. R.) on a coal-field in 
Brazil, 73. 

Russel] (W. H. L.) on the calculation 
of the potential of the figure of the 
earth, 8. 

Russian frontiers in Central Asia, Sir 
H. C. Rawlinson on the, 128. 


Sabine (R.) on anew method, introduced 
by Messrs. Siemens, for the measure- 
ment of electrical resistances, 16. 

St. Michael’s Mount in Cornwall, W. 
Pengelly on the insulation of, 71. 

*Salpa spinosa (Otto), the Rev. A. M. 
Norman on the structure and develo 
ment of, as observed at Guernsey, 92. 

Salter (J. W.), explanation of a map of 

’ the faults in the gold district of Dol- 
gelly, 73. 

Sands and clays in North Wales, George 
Maw on an extensive distribution of 
white, antecedent to the boulder clay 

drift, 68. 

Sargant (W. L.) on the vital statistics 
° Birmingham and seven other towns, 

55. 

Sclater (Dr. P. L.) on the birth of a 

young ippopotamus in the Zoological 
ociety’s Gardens at Amsterdam, 93. 

Sclavonic race, South, Miss Irby and 
Miss Mackenzie on the characteristics 
of the, 90. 

Scott (Dr. W. R.) on the occurrence of 
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Orcynus alalonga onthecoastof Devon, 


Scott (Wentworth L.) on the action of 
the alkali metals in determining the 
explosion of gun-cotton, 35. 

Selwyn (Capt.) on some new arrange- 
ments of the poles of magnets, 17. 
“Sewage, H. Bird on the utilization of, 

as conducted at Stroud, 28. 

Sewage question, Dr. Hill on the sani- 
tary and economical aspects of the, 31. 

*Seychelle Islands, Lieut.-Col. Lewis 
Pelly on the, 126. 

Shells, C. J. Woodward on a deposit 
near Lilleshall, Selop, containing re- 
cent marine, 79. 

—, fossil, 5. Gwyn Jeffreys on the 
occurrence of certain, in the sea-bed 
edjoining the Channel] Islanda, 62. 

*Shettle ( ? on the causes of the cattle 

snd wingen ne rome 

ps, J. C. on the 
tion of the sheathing of, 28. 
Siemens’s regenerative gas-furnaces and 
roducers, 8S. N. F. Cox on, 177. 

Siemens (C. W.) on the outer covering 
of dee cables, 187. 

Silesia, pper, Prof. F. Roemer on a 
fossil spider lately discovered in the 
coal-measures of, 73. 

Siluria, Rev. W.S. Symonds on some 
ancient drifts and old river beds of. 74 

Silurian rocks of the Isle of Man, Prof. 
Harkness and H. Nicholson on the, 


58, 

*Silver, J. C. Bowring on the extrac- 
tion of, from sea-water by means of 
electricity, 28. 

Sinaitic Peninsula, Rev. W. Holland on 
the geology of parta of the, 62. 

Sissons Ow on a patent steam pile- 
driver, 190. 

Skeleton of a woman st. 104, Dr. G. M. 
Humphry on the, 107. 

Skull in birds, reptiles, and fishes, Dr. 
G. M. Humphry on the homologies 


of the lower jaw, and the bones con- 
necting it with the, 87. 
Skulls, . C. Carter Blake on simious, 
Slag, Frederick George Finch, on the 
utilization of blast-furnace, 20. 
Smith (Dr. on a method of 


estimating ‘canbe acid in the air, 


*Smith (B.) on warming, lighting, and 

ventilstizg the Bireinghans home 
Hall, 190. : 

Smith @.) on the meteorology of Bir 
mingham, 19. 
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Sm John, jun.) on an apparatus for 
tee nn of the Mone in the 
atmosphere, and experiments made 
therewith by means of the aspirator, 


“Smyth (Prof. C. Piazzi), exhibition of 

hotographs of the interior of the 

Ereat id, taken with the mag- 
nesium light 


by, 40. 

Solar radiation, J. Park Harrison on the 
heat attained by the moon under, 17. 

Sorby (H. C.) on a new form of spec- 
trum-microscope, 11. . 

Sparrow, Dr. Edwards Crisp on the food 
and habits of the, 85. 

Spectrum-microscope, H. C. Sorby on a 
new form of, 11. 

Spider, fossil, Prof. F. Roemer on 4, 

lately discovered in the coal-measures 

of Upper Silesia, 73. 

Sponge, W. R. Hughes on the develop- 

ogient of a dee -sea, 86. 

onges, Dr. on on, a8 & source 
oF tromine and of nitrogen, 34. 

Spottiswoode (W.), his address as pre- 
sident of Section A, 1. 

Staffordshire coal-field, H. Johnson onthe 
extent and duration of the South, 63. 

, South, coal-field, S. Bailey on the 
economic valueof the various measures 
of coal and ironstone in the, 48. 

Staffordshire, South, David Forbes on 
the igneus rocks of, 63. 

, South, Rey. W. J. Bain on the 
social, educational, and religious po- 
sition of the working population of, 

Stainton (H. T.) on the extraordinary 
partiality shown by insects of the 

nus Laverna for plants of the order 


es, 93. 

Stanley (The Right Hon. Lord), address 
as president of Section F, 131. 

Starch, Dr. W. Hinds on the identity 
of, and chlorophylle, 81. 

Startin (A.) on the drift in the parish 
of Exhall, north of Coventry, 7 I 

Steam, R. A. Peacock on, a8 the active 
agent in earthquakes, 68. 

Steel, Henry Bessemer on the manufac- 
ture of cast, its progress, and"employ- 
ment as a substitute for wrought iron, 

Steenstru (Prof) on the flints of Pres- 
signy le rand, 129. 

Sterling (Rev. W. H.) on the natives of 
Patagonia and Terra del Fuego, 94. 


Stevelly (Dr.) on the application of |. 


D’Alembert’s principle to the rotation 
of a rigid mass, 8. 
1865. 
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Stewart (Balfour) on the magnetic storm 
of the beginning of August 1865, as 
recorded by the self-recording mag- 
netographs at the Kew and Lisbon 
Observatories, 20. 

"Storm of December 1864 on the coast 
of the Peninsula, J. B. Capello on the, 


Storms, Dr. Moffat on, 90. 

Strata, fossiliferous, George Maw on 
some, between the bunter sandstone 
and mountain limestone of the Vale 
of Clwyd, North Wales, 67. 

Striation, Prof. Phillips on glacial, 71. 

Submarine telegraphic cables, W. Fair- 
bairn on india-rubber and gutta per- 
cha as insulators for, 14. 

Surinam, E. B. Tylor on the negro- 
European dialects of, 180. 

Swinhoe (R-) on the aborigines of For- 


mosa, 129. 

Sylvester (Prof.) on a special class of 
questions on the theory of proba- 
bilities, 8. 

*— on Prof. Price’s modification of 
Arb ’3 method, 9. 

Symonds (Rev. W. 8.) on some ancient 
drifts and old river-beds of Siluria, 


74, 
Symons (W.) on an improved standard 


barometer, 21. 
Tapeworm, Dr. Fleming on the preva- 
fence of,in Birmingham, and its causes, 
"Taylor (J. E.) on contortions in the 


chalk at Willingham, near Norwich,76. 


‘*Taylor’s theorem, Prof. Price on the 


extension of, by the method of deriva- 
tions, 7. 

Telegraphic conductors, W. Hooper on 
the applicability of India-rubber as an 
insulator for, 184. 

Telegraphs, Nath. J. Holmes on district 

rivate, 184, 
ennant (Prof.) on the agates found in 
England, with specimens from different 
countries, 76. 

Tenorite, Prof. Maskelyne on, 33. 

Terra del Fuego, Rev. W. i. Sterling 
on the natives of, 94. 

Thermodynamics, W. J. Macquorn Ran- 
kine on the second law of, 13. 

Thrupp (J.) on the domestication of cer- 
tain animals in England between the 
seventh and eleventh centuries, 94. 

Topograph, Capt. Lendy on the, a new 
surveying instrument, 21. 

Torbite (a new preparation of peat) and 
ita uses, Dr. K. Clark on, 175. 

14 ° 
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Turdus migratorius, Rev. A. W. M*Kay 
on the, 90. ; 

Turner (William) on variability as mani- 
f in the construction of the hu- 
man body, 111. 

*Twamley (C.) on the faults in the 
South Staffordshire coal-field, and 
their relation to the igneous rocks of 
the district, 76. 


lor (E. B.) on the European 
TWieleGte of Surinam ane Curacao, 180. 
Tyres, weldless, F. I. Bramwell on, 173. 


Vambéry (Mw) on the origin of the Hun- 


garians, 130. 
° on the city life of Bokhara, 130. 
Vancouver Island, R. Brown on ex- 
lorations in the interior of, 116. 
*Varley (Cornelius) -on an instrument 
by which any rainbow that can pos- 
sibly appear within the area of any 
picture, may be indicated in its right 
place and of the true size, 22. 
Vegetable deposits in the Aachensee, W. 
attien Williams on some, 78. 
Vertebrata, Prof. Macdonald on the de- 
velopment of the vascular system of 
the foetus in the, 108. 
Vespide, Dr. Edwards Crisp on the food 
and habits of the, 85. 
*Vesuvius, Dr. Phipson on the sublimed 
oligist of, and its artificial production, 


Victoria Falls of the river Zambesi, T. 
Baines on, 112. 
Vivian (E.) on the admission of ille- 
gitimate children into workhouses, as 
& means of preventing infanticide, 156. 
Voelcker (Dr. Aug.) on phosphatic de- 
posits recently discovered in North 
ales, 37; on the composition of a 
marine boiler incrustation, 39. . 
Voltaic battery, J. P. Gassiot on the 
change of form and colour which the 
stratified discharge assumes when a 
varied resistance is introduced in the 
circuit of an extended series of the, 15. 


War, Gen. Sir J. F. Burgoyne, Bart., 
on railways in, 173. 

Warwickshire, Rev. P. B. Brodie on the 
fossiliferous beds of the new red sand- 
stone (upper and lower keuper) in, 42. 

——, Rey. P. B. Brodie on two new 
species of corals in the lias of, 49. 

Water supply of Jerusalem, Capt. T. 
M‘Neill and Capt. Wilson on surveys 
relating to the, 193, 
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Wealden Saurian, Rev. W. Fox on a 
new, named Polacanthus, 56. 

Weights and measures, F. P. Fellows 
on the practical advantages of the 
metric system of, 147. 

Wenlock Edge, Rev. J. D. La Touche 
on the nodules in the limestone of, 76. 

Westwood (Prof.) on the genus Anceus, 
83 


Wheels, F. I. Bramwell on circular 

__ rolling, and railway, 173. 

“White (W.), exhibition of photographs 
of the interior of the Great id, 
taken with the magnesium lght by 
Prof. C. P. Smyth, 40. 

Whymper (Edward) on the structure of 
the Matterhorn, 76. 

Wilkinson (R.) statistical review of the 
police-recognized drunkenness of the 
metropolis, 156. 

Williams (W. Mattieu) on the ancient 
glaciers north and east of Llangollen, 
and more particularly of the neigh- 
bourhood of the Hope Mountain, ‘7: 
on some vegetable deposits in the 
Aachensee, 78. 

*Willis (W.) on the aniline process 

hotography, 40. ; 
ilgzon (Capt.) on surveys relating fo 
the water supply of Jerusalem, 1%3. 

Woman, Dr. G. M. Humphry on the 
skeleton of a, set. 104, 107. 

Wood (Dr. T.) on the new formule, with 
reverence to schools and examination, 


Woodward (C. J.) on a deposit near 
Lilleshall, Salop, containing recent 
marine shells, 79. 

Woodward (Henry) on a new phyllo- 
podous crustacean from the Nofist 
shales, 78; on 8 new chart of fosal 
crustacea, 79. | 

Wright (Thomas) on the true aseigni- 
tion of the bronze weapons, &c., sup 
posed to indicate a bronze age U 
western and northern Europe, 131. 


| Yates (James) on mural standards ft 
exhibiting the measures of length | 
galized in the United Kingdom, 1+". 


Zoological nomenclature, Dr. P. P. Car 
penter on the regard due to usage a” 
utility, as well as mere prionty 2 
fixing, 83. 
_ Zambeai, T. Baizies on Victoria Falls of 
the river, 112, 
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ConTentTs :—H. G. Rogers, on the Geology of North America ;-——-Dr. C. Henry, on the 
Laws of Contagion ;—Prof. Clark, on Animal Physiology ;—Rev. L. Jenyns, on Zoology ;— 
Rev. J. Challis, on Capillary Attraction ;—Prof, Lioyd, on Physical Optics ;—G. Rennie, on 
Hydraulics, Part IT. 

Together with the Transactions of the Sections, and Recommendations of the Association 
and its Committees. 


PROCEEDINGS ov rue FIFTH MEETING, at Dublin, 1835, Pxd- 
lished at 13s. Gd. 


CONTENTS :—Rev. W. Whewell, on the Recent Progress and Present Condition of the 
Mathematical Theories of Electricity, Magnetism, and Heat; -— A. Quetelet, Apercu de 
V’Etat actuel des Sciences Mathématiques chez les Belges;—Capt. E. Sabine, on the Phe- 
nomena of Terrestrial Magnetism. 

Together with the Transactions of the Sections, Prof. Sir W. Hamilton’s Address, and Re- 
commendations of the Association and its Committees, 


PROCEEDINGS or tHe SIXTH MEETING, at Bristol, 1836, Pud- 
lished at 12s. 


Contents :—Prof. Daubeny, on the Present State of our Knowledge with respect to Mine- 
ral and Thermal Waters ;—Major E. Sabine, on the Direction and Intensity of the Terrestrial 
Magnetic Force in Scotland ;—J. Richardson, on North American Zoology ;—Rev. J. Challis, 
on the Mathematical Theory of Fluids;—J. T. Mackay, a Comparative View of the more 
remarkable Plants which characterize the neighbourhood of Dublin and Edinburgh, and the 
South-west of Scotland, &c.;—J. T. Mackay, Comparative Geographical Notices of the 
more remarkable Plants which characterize Scotland and Ireland ;—Report of the London Sub- 
Committee of the Medical Section on the Motions and Sounds of the Heart ;—Second Report 
of the Dublin Sub-Committee on the Motions and Sounds of the Heart ;—Report of the Dublin 
Committee on the Pathology of the Brain and Nervous System ;—J. W. Lubbock, Account 
of the Recent Discussions of Observations of the Tides ;—Rev. B. Powell, on determining the 
Refractive Indices for the Standard Rays of the Solar Spectrum in various media;——-Dr. Hodgkin, 
on the Communication between the Arteries and Absorbents ;—Prof. Phillips, Report of Experi- 
ments on Subterranean Temperature ;—Prof. Hamilton, on the Validity of a Method receotly 
proposed by G. B. Jerrard, for Transforming and Resolving Equations of Elevated Degrees. 

Together with the Transactions of the Sections, Prof. Daubeny’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS or tHe SEVENTH MEETING, at Liverpool, 1837, 
Published at 16s. 6d. 


ConTENTs :—Major E. Sabine, on the Variations of the Magnetic Intensity observed at dif- 
ferent points of the Earth’s Surface ;—Rev. W. Taylor, on the various modes of Printing for 
the Use of the Blind ;—J. W. Lubbock, on the Discussions of Observations of the Tides — 
Prof. T. Thomson, on the Difference between the Composition of Cast Iron produced by the 
Cold and Hot Blast ;—Rev. T. R. Robinson, on the Determination of the Constant of Nutation 
by the Greenwich Observations ;—-R. W. Fox, Experiments on the Electricity of Metallic 
Veins, and the Temperature of Mines ;-—Provisional Report of the Committee of the Medical 
Section of the British Association, appointed to investigate the Composition of Secretions, and 
the Organs producing them ;—Dr. G. O. Rees, Report from the Committee for inquiring into 
the Analysis of the Glands, &c. of the Human Body ;—Second Report of the London Sub-Cow- 
mittee of the British Association Medical Section, on the Motions and Sounds of the Heart ;— 
Prof. Johnston, on the Present State of our Knowledge in regard to Dimorphous Bodies ;— 
Lt.-Col. Sykes, on the Statistics of the Four Collectorates of Dukhun, under the British Go- 
vernment ;—E. Hodgkinson, on the relative Strength and other Mechanical Properties of Iron 
obtained from the Hot and Cold Blast ;—-W. Fairbairn, on the Stremgth and other Properfies 
of Iron obtained from the Hot and Cold Blast ;—Sir J. Robison, and J. S. Russell, Report of 
the Committee on Waves ;—Note by Major Sabine, being an Appendix to his Report on the 
Variations of the Magnetic Intensity observed at different Points of the Earth’s Surface >— 
J. Yates, on the Growth of Plants under Glass, and without any free communication with the 
outward Air, on the Plan of Mr. N. J. Ward, of London. 

Together with the Transactions of the Sections, Prof. Traill’s Address, and Recemmenda- 
tions of the Association and its Committees. 
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PROCEEDINGS or ror EIGHTH MEETING, at Newoastle, 1888, 
Published at 15s. 


Contents :—Rev. W. Whewell, Aecount of a Level Line, measured from the Bristol Chan- 
nel to the English Channel, by Mr. Bunt ;—Report on the Discussions of Tides, prepared 
under the direction of the Rev. W. Whewell ;—W. S, Harris, Account of the Progress and 
State of the Meteorological Observations at Plymouth ;—Major E. Sabine, on the Magnetic 
Isoclinal and Isodynamic Lines in the British Islands ;—D. Lardner, LL.D., on the Determi- 
nation of the Mean Numerical Values of Railway Constants ;—R. Mallet, Firat Report upon 
Experiments upon the Action of Sea and River Water upon Cast and Wrought [ron ;—R, 
Mallet, on the Action of a Heat of 212° Fahr., when long continued, on Inorganic and Organie 
Subdgtances. 

Together with the Transactions of the Sections, Mr. Murchison’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS or rnz NINTH MEETING, at Birmingham, 1839, 
Published at 13s. 6d. 


Contents :—Rev. B. Powell, Report on the Present State of our Knowledge of Refractive 
Indices, for the Standard Rays of the Solar Spectrum in different media ;—Report on the Ap- 
plication of the Sum assigned for Tide Calculations to Rev. W. Whewell, in a Letter from T. G. 
Bunt, Esq. ;—H. L. Pattinson, on some Galvanic Experiments to determine the Existence or 
Non-Existence of Electrical Currents among Stratified Rocks, particularly those of the Moun- 
tain Limestone formation, constituting the Lead Measures of Alton Moor ;—Sir D. Brewster, 
Reports respecting the two series of Hourly Meteorological Observations kept in Scotland ;— 
Report on the subject of a series of Resolutions adopted by the British Association at their 
Meeting in August 1838, at Newcastle ;—R. Owen, Report on British Fossil Reptiles ;—E. 
Forbes, Report on the Distribution of Pulmoniferous Mollusca in the British Isles ;—W., S. 
Harris, Third Report on the Progress of the Hourly Meteorological Register at Plymouth 
Dockyard. 

Together with the Transactions of the Sections, Rev. W. Vernon Harcourts Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tHz TENTH MEETING, at Glasgow, 1840, 
Published at 15s. 


Contents :—Rev. B. Powell, Report on the recent Progress of discovery relative to Radiant 
Heat, supplementary to a former Report on the same subject inserted in the first volume of the 
Reports of the British Association for the Advancement of Science ;—J. D. Forbes, Supple- 
mentary Report on Meteorology ;—W. S. Harris, Report on Prof. Whewell’s Anemometer, 
now in operation at Plymouth ;—Report on ‘‘ The Motion and Sounds of the Heart,” by the 
London Committee of the British Assocjation, for 1830-40 ;—Prof. Schoénbein, an Account of 
Researches in Electro-Chemistry ;—R. Mallet, Second Report upon the Action of Air and 
Water, whether fresh or salt, clear or foul, and at various temperatures, upon Cast Iron, 
Wrought Iron and Steel ;—R. W. Pox, Report on some Observations on Subterranean Tem- 
perature ;—A. F. Osler, Report on the Observations recorded during the years 1837, 1838, 1889, 
and 1840, by the Self-registering Anemometer erected at the Philosophical Institution, Bir- 
mingham ;—Sir D. Brewster, Report respecting the two Series of Hourly Meteorological Ob- 
servations kept at Inverness and Kingussie, from Nov. Ist, 1838 to Nov. Ist, 1839 ;—W. 
Thompeon, Report on the Fauna of Ireland: Div. Vertebrata ;-——C. J. B. Williams, M.D., 
Report of Experiments on the Physiology of the Lungs and Air-Tubes ;—Kev. J. S. Henslow, 
Report of the Committee on the Preservation of Anlmal and Vegetable Substances. 

Together with the Transactions of the Sections, Mr. Murchison and Major E. Sabine’s 
Address, and Recommendations of the Association and its Committees. 


PROCEEDINGS or tHe ELEVENTH MEETING, at Plymouth, 
1841, Published at 19s. 6d. 


Contents :—Rev. P. Kelland, on the Present state of our Theoretical and Experimental 
Knowledge of the Laws of Conduction of Heat ;—G. L. Roupell, M.D., Report on Poisons ;— 
T. G. Bunt, Report on Discussions of Bristol Tides, under the direction of the Rev. W. Whewell; 
——D. Ross, Report on the Discussions of Leith Tide Observations, under the direction of the 
Rev. W. Whewell;—W. 8. Harris, upon the working of Whewell’s Anemometer at Plymouth 
during the past year ;—Report of a Committee appointed for the purpose of superintend- 
ing the scientific cooperation of the British Associatiun in the System of Simultaneous Obser- 
vations in Terrestria) Magnetism and Meteorology ;—R eports of Committees appointed to pro- 
vide Meteorological Instruments for the use of M. Agassiz and Mr. M‘Cord ;—Report of a Com- 
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mittee to superintend the reduction of Meteorological Observations ;—Report of a Com- 
mittee for revising the Nomenclature of the Stars ;—Report of a Committee for obteining In- 
struments and Registers to record Shocks and Earthquakes in Scotland and Ircland ;—-Repart of 
a Committee on the Preservation of Vegetative Powers in Seeds ;—Dr. Hodgkin, on Inquiries 
into the Races of Man ;—Report of the Committee appointed to report how far the Desiderats 
in our knowledge of the Condition of the Upper Strata of the Atmosphere may be supplied by 
means of Ascents in Balloons or otherwise, to ascertain the probable expense of such Experi- 
ments, and to draw up Directions for Observers in such circumstances ;—R. Owen, Report 
on British Foesil Reptiles ;—Reports on the Determination of the Mean Value of Railway 
Constants ;--D. Lardner, LL.D., Second and concluding Report on the Determination of the 
Mean Value of Railway Constants;—-E. Woods, Report on Railway Constants ;—Report, of a 
Committee on the Construction of a Constant Indicator for Steam- Engines. 

Together with the Transactions of the Séctions, Prof. Whewell’s Address, and Recommea- 
dations of the Association and its Committees. 


PROCEEDINGS or tHe TWELFTH MEETING, at Manchester, 
1842, Published at 10s. 6d. 


ContEnts :—Report of the Committee appointed to conduct the cooperation of the British 
Association in the System of Simultaneous Magnetical and Meteorological Observations ;— 
J. Richardson, M.D., Report on the present State of the Ichthyology of New Zealend ;— 
W.S. Harris, Report on the Progress of Meteorological Observations at Plymouth ;—Second 
Report of a Committee appointed to make Experiments on the Growth and Vitality of Seeds; 
—C. Vignoles, Keport of the Committee on Railway Sections ;—Report of the Committee 
for the Preservation of Animal and Vegetable Substances ;—Lyon Playfair, M.D., Abstract 
of Prof. Licbig’s Report on Organic Chemistry applied to Physiology and Pathology ;— 
R. Owen, Report on the British Fossil Mammalia, Part I.;—-R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants ;—L. Agassiz, Report 
on the Fossil Fishes of the Devonian System or Old Red Sandstone ;—W. Fairbairn, Ap- 
pendix to a Report on the Strength and other Properties of Cast Iron obtained from the Het 
and Cold Biast ;—D. Milne, Report of the Committee for Registering Shocks of Earthquakes 
in Great Britain ;—Report of a Committee on the construction of a Constant Indicator fer 
Steam-Engines, and for the determination of the Velocity of the Piston of the Self-acting En- 
gine at different periods of the Stroke ;—J. S. Ruseell, Report of a Committee on the Form of 
Ships ;—Report of a Committee appointed “to consider of the Rules by which the Nomencia- 
ture of Zoology may be established on s uniform and permanent basis; ’’—Report of a Com- 
mittee on the Vital Statistics of large Towns in Scotland ;—Provisional Reports, and Notices 
of Progress in special Researches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Lord Francis Egerton’s Address, and Re- 
commendations of the Association and its Committees. 


PROCEEDINGS or tHe THIRTEENTH MEETING, at Cork, 
18438, Paublished at 12s. 


Contents :—Robert Mallet, Third Report upon the Action of Air and Water, whether 
fresh or salt, clear or foul, and at Various Temperatures, upon Cast Iron, Wrought Iron, and 
Steel;—Report of the Committee appointed to conduct the cooperation of the British As- 
sociation in the System of Simultaneous Magnetical and Meteorological Observations ;—Sir 
J. F. W. Herschel, Bart., Report of the Committee appointed for the Reduction of Meteoro- 
logical Observations ;——Report of the Committee appointed for Experiments on Steam- 
Engines ;—Report of the Committee appointed to continue their Experiments on the Vitality 
of Seeds ;—J. S. Russell, Report of a Series of Observations on the Tides of the Frith of 
Forth and the East Coast of Scotland ;—J. 8. Russell, Notice of a Report of the Committee 
on the Form of Ships;—J. Blake, Report on the Physiological Action of Medicines ;—Report 
of the Committee on Zoological Nomenclature ;—Report of the Committee for Registering 
the Shocks of Earthquakes, and making such Meteorological Observations as may appear to 
them desirable ;—Report of the Committee for conducting Experiments with Captive Balloons; 
—Prof. Wheatstone, Appendix to the Report ;—Report of the Committee for the T 
and Pubiication of Foreign Scientific Memoirs ;—C. W. Peach, on the Habits of the Marine 
Testacea ;—E. Forbes, Report on the Mollusca and Radiata of the AZgean Sea, and on their 
distribution, considered as bearing on Geology ;—L. Agassiz, Synoptical Table of British 
Fossil Fishes, arranged in the order of the Geological Formations ;-—-R. Owen, Report on the 
British Fossil Mammalia, Part II.;—E. W. Binney, Report on the excavation made at the 
junction of the Lower New Red Sandstone with the Coal Measures at Collyhurst ;—-W, 
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Thompson, Report on the Fauna of Ireland: Div. Jsvertedrata ;—Provisional Reports, and 
Notices of Progress in Special Researches entrusted to Commlitees and Individuals. 

Together with the Transactions of the Sections, Earl of Rosse’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS or tuz FOURTEENTH MEETING, at York, 1844, 
Published at £1. . 


ConTENTs :—W. B. Carpenter, on the Microscopic Structure of Shells ;—J. Alder and A. 
Hancock, Report on the British Nudibranchiate Mollusca ;—R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants ;—Report of a 
Committee appointed by the British Association in 1840, for revising the Nomenclature of the 
Stars ;—Lt.-Col. Sabine, on the Meteorology of Toronto in Canada ;—J. Blackwall, Report 
on some recent researches into the Structure, Functions, and Economy of the 4raneidea 
made in Great Britain ;—Earl of Rosse, on the Construction of large Reflecting Telescopes; 
— Rev. W. V. Harcourt, Report on a Gas-furnace for Experiments on Vitrifaction and other 
_ Applications of High Heat in the Laboratory ;—Report of the Committee for Registering 

Earthquake Shocks in Scotland ;—Report of a Committee for Experiments on Steam-Engines; 
—Report of the Committee to investigate the Varieties of the Human Race ;—Fourth Report 
of a Committee appointed to continue their Experiments on the Vitality of Seeds ;—-W. Fair. 
bairn, on the Consumption of Fuel and the Prevention of Smoke ;—F. Ronalds, Report con- 
cerning the Observatory of the British Association at Kew ;—Sixth Report of the Committee 
appointed to conduct the Cooperation of the British Association in the System of Simulta- 
neous Magnetical and Meteorological Observations ;—Prof. Forchhammer on the influence 
of Fucoidal Plants upon the Formations of the Earth, on Metamorphism in general, and par- 
ticularly the Metamorphosis of the Scandinavian Alum Slate ;—H. E. Strickland, Report on 
the recent Progress and Present State of Ornithology ;—-T. Oldham, Report of Committee 
appointed to conduct Observations on Subterranean Temperature in Ireland ;—Prof. Owen, 
Report on the Extinct Mammals of Australia, with descriptions of certain Fossils indicative 
of the former existence in that continent of large Marsupial Representatives of the Order 
Pachydermata ;—W. S. Harris, Report on the working of Whewcll and Osler’s Anemometers 
at Plymouth, for the years 1841, 1842, 1843 ;—-W. R. Birt, Report on Atmospheric Waves; 
—-L. Agassiz, Rapport sur les Poissons Fossiles de l’Argile de Londres, with translation ;—J. 
S. Russell, Report on Waves ;~—Provisional Reports, and Notices of Progress in Special Re- 
searches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Dean of Ely’s Address, and Recommenda- 
tions of the Association and its Committees. 


PROCEEDINGS or tHe FIFTEENTH MEETING, at Cambridge, 
1845, Published at 12s. 


ConTEeNnTs :—Seventh Report of a Committee appointed to conduct the Cooperation of the 
British Association in the System of Simultaneous Magnetical and Meteorological Observa- 
tions ;—Lt.-Col. Sabine, on some points in the Meteorology of Bombay ;—-J. Blake, Report 
on the Physiological Actions of Medicines ;—Dr. Von Boguslawski, on the Comet of 1843; 
—R. Hunt, Report on the Actinograph ;—Prof. Schénbein, on Ozone ;—Prof. Erman, on 
the Influence of Friction upon Thermo-Electricity ;—Baron Senftenberg, on the Self- 
Registering Meteorological Instruments employed in the Observatory at Senftenberg ;— 
W. R. Birt, Second Report on Atmospheric Waves ;—G. R. Porter, on the Progress and Pre- 
sent Extent of Savings’ Banks in the United Kingdom ;—Prof. Bunsen and Dr. Playfair, 
Report on the Gases evolved from Iron Furnaces, with reference to the Theory of Smelting 
of Iron ;—Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan ;— 
Report of the Committee on the Registration of Periodical Phenomena of Animals and Vege- 
tables ;—Fifth Report of the Committee on the Vitality of Seeds ;—Appendix, &c. 

Together with the Transactions-of the Sections, Sir J. F. W. Herschel’s Address, and Re- 
commendations of the Association and its Committees. 


PROCEEDINGS or rue SIXTEENTH MEETING, at Southampton, 
1846, Published at 15s. 


ConTENTs:—G. G. Stokes, Report on Recent Reseatches in Hydrodynamics ;—Sixth 
Report of the Committee on the Vitality of Seeds ;—Dr. Schunck on the Colouring Matters of 
Madder ;—J. Blake, on the Physiological Action of Medicines;—R. Hunt, Report on the Ac- 
tinograph ;—R. Hunt, Notices on the Influence of Light on the Growth of Plants ;-——-R. L. 
Ellis, on the Recent Progress of Analysis ;~-Prof, Forchhammer, on Comparative Analytical 
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Researches on Sea Water ;—A. Erman, on the Calculation of the Gaussian Constans ix 
1829 ;—G. R. Porter, on the Progress, present Amount, and probable future Condition of te 
Iron Manufacture in Great Britain ;—W. R. Birt, Third Report on Atmospheric Waves;— 
Prof. Owen, Report on the Archetype and Homologies of the Vertebrate Skeleton — 
J. Phillips, on Anemometry ;—J. Percy, M.D., Report on the Crystalline Flags ;—Addenus 
to Mr. Birt’s Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R. I. Murchison’s Address, and Re 
commendations of the Association and its Committees. 


PROCEEDINGS or toe SEVENTEENTH MEETING, at Osford, 
1847, Published at 18s. 


Conrents :—Prof. Langberg, on the Specific Gravity of Sulphuric Acid at different é- 
grees of dilution, and on the relation which exists between the Development of Heat and the 
coincident contraction of Volume in Sulphuric Acid when mixed with Water ;—R. Hum 
Researches on the Influence of the Solar Rays on the Growth of Plants ;—R. Mallet, @ 
the Facts of Earthquake Phenomena ;—Prof. Nilsson, on the Primitive Inhabitants of Sas- 
dinavia ;—W. Hopkins, Report on the Geological Theories of Elevation and Earthquake: 
—Dr. W. B. Carpenter, Report on the Microscopic Structure of Shells ;—Rev. W. Whewell asd 
Sir James C. Ross, Report upon the Recommendation of an Expeditian for the purpose 
completing our knowledge of the Tides ;—Dr. Schunck, on Colouring Matters ;—Seventh Be- 
port of the Committee on the Vitality of Seeds ;—J. Glynn, on the Turbine or Horizontal 
Water-Wheel of France and Germany ;—Dr. R. G. Latham, on the present state and recext 
progress of Ethnographical Philology ;—Dr. J. C. Prichard, on the various methods of Researé 
which contribute to the Advancement of Ethnology, and of the relations of that Science ® 
other branches of Knowledge ;—Dr. C. C, J. Bunsen, on the results of the recent Egypoe 
researches In reference to Asiatic and African Ethnology, and the Classification of Language: 
—Dr. C. Meyer, on the Importance of the Study of the Celtic Language as exhibited by a 
Modern Celtic Dialects still extant ;—Dr. Max Miiller, on the Relation of the Bengali © the 
Arian and Aboriginal Languages of India;—-W. R. Birt, Fourth Report on Atmospher 
Waves ;—Prof. W. H. Dove, Temperature Tables, with Introductory Remarks by Lleut-Ce. 
E. Sabine ;—A. Erman and H. Petersen, Third Report on the Calculation of the Gaussian Ca 
stants for 1829. 

Together with the Transactions of the Sections, Sir Robert Harry Inglis’s Address, 2 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tut EIGHTEENTH MEETING, at Swanes 
1848, Published at 9s. 


Contents :—Rev. Prof. Powell, A Catalogue of Observations af Luminous Meteon- 
J. Glynn on Water-pressure Engines ;—R. A. Smith, on the Air and Water of Towns ;—Big# 
Report of Committee on the Growth and Vitality of Seeds ;—-W. R. Birt, Fifth Report on 4+ 
mespheric Waves ;—E. Schunck, on Colouring Matters ;-—J. P. Budd, on the advantageout * 
made of the gaseous escape from the Blast Furnaces at the Ystalyfera Iron Works;—R. Hs 
Report of progress in the investigation 6f the Action of Carbonie Acid on the Grovth d 
Plants allied to those of the Coal Formations ;—Prof. H. W. Dove, Supplement ta the Te 
perature Tables printed in the Report of the British Association for 1847 ;—Remarks by Pré 
Dove on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, snd @ 
some of the principal Conclusions in regard to Climatology deducible from them ; with 1 * 
4roductory Notice by Lt.-Col. E. Sabine ;—Dr. Daubeny, on the progress of the invesuged® 
on the Influence of Carbonic Acid on the Growth of Ferns ;-—J. Phillips, Notice of forte 
progress in Anemometrical Researches ;—Mr. Mallet’s Letter to the Assistant-General Sect 
tary;—-A. Erman, Second Report on the Gaussian Constants ;--Report of 3 Commit 
relative to the expediency of recommending the continuance of the Toronto wl 
Meteorological Observatory until! December 1850. 

Together with the Transactions of the Sections, the Marquis of Northampton's Adds 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or roe NINETEENTH MEETING, at Birminghss 
1849, Published at 10s. 


ConTENTS :—Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors pokes 
of Rosse, Notice of Nebuls lately observed in the Six-feet Reflector }-—Prof, Daubeoy, 00 © 
Influence of Carbonic Aci Gas on the health of Plants, especially of those allied to the F -” 
Remains found in the Coal Formation ;—Dr. Andrews, Report on the Heat of Combins®*: 
-—Report of the Committee on the Registration. of she Periodic Phenomena of Pants 


217 


Animals ;—Ninth Repart of Committee on Experiments on the Growth and Vitality of Seeds; 
——-F. Ronalds, Report concerning the Observatory of the British Association at Kew, from 
Aug. 9, 1848 to Sept. 12, 1849 ;—R. Mallet, Report on the Experimental Inquiry on Raliway 
Bar Corrosion ;—~W. R. Birt, Regort on the Discussion of the Electrical Observations at Kew. 

Together with the Transactions of the Sections, the Rev. T. R. Robinson's Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tote TWENTIETH MEETING, at Edinburgh, 
1850, Published at 15s. 


Contents :—R. Mallet, First Report on the Facts of Earthquake Phenomena ;—Rev, Prof. 
Powell, on Observations of Luminous Meteors ;—Dr. T. Williams, on the Structure and 
History of the British Annelida ;—T. C. Hunt, Results of Meteorological Observations taken 
at St. Michael’s from the Ist of January, 1840 to the 31st of December, 1849;—R. Hunt, on 
the present State of our Knowledge of the Chemical Action of the Solar Radiations ;—Tenth 
Report of Committee on Experiments on the Growth and Vitality of Seeds ;—Major-Gen. 
Briggs, Report on the Aboriginal Tribes of India ;—-F. Ronalds, Report concerning the Ob- 
servatory of the British Association at Kew ;— E. Forbes, Report on the Investigation ofBrigish 
Marine Zoology hy means of the Dredge ;—R. MacAndrew, Notes on the Distribution and 
Range in depth of Mollusca and other Marine Animals, observed on the coasts of Spain, Por- 
tugal, Barbary, Malta, and Southern Italy in 1849 ;—Prof. Allman, on the Present State of 
our Knowledge of the Freshwater Polyzoa ;—Registration of the Periodical Phenomena of 
Ptants and Animals ;—Suggestions to Astronomers for the Observation of the Total Eclipse 
of the Sun on July 28, 1851. 

Together with the Transactions of the Sections, Sir David Brewster's Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or troz TWENTY-FIRST MEETING, at Ipswich, 
1851, Published at 16s. 6d. 


Contents :—Rev. Prof. Powell, on Observations of Luminous Meteors ;—Eleventh Re- 
port of Committee on Experiments on the Growth and Vitality of Seeds ;—Dr. J. Drew, on 
the Climate of Southampton ;—Dr. R. A. Smith, on the Air and Water of Towns: Action of 
Porous Strata, Water and Organic Matter ;—-Report of the Committee appointed to consider 
the probable Effects in an Economical and Physical Point of View of the Destruction of Tro- 
pical Forests ;—A. Henfrey, on the Reproduction and supposed Existence of Sexual Organs 
in the Higher Cryptogamous Plants ;—Dr. Daubeny, on the Nomenclature of Organic Com- 
pounds ;—Rev. Be Donaldson, on two unsolved Problems in Indo-German Philology ;— 
Dr. T. Williams, Report on the British Annelida;—R. Mallet, Second Report on the Facts of 
Earthquake Phenomena ;—Letter from Prof. Henry to Col. Sabine, on the System of Meteoro- 
logical Observations proposed to be established in the United States ;—Col. Sabine, Report 
on tbe Kew Magnetographs ;—J. Welsh, Report on the Performance of his three Magnete- 
graphs during the Experimental Trial at the Kew Observatory ;—F. Ronalds, Report concern- 
ing the Observatory of the British Association at Kew, from September 12, 1850 to July 81, 
1851 ;—Ordnance Survey of Scotland. 

Together with the Transactions of the Sections, Prof. Airy’s Address, and Recom 
mendations of the Association and its Committees. 


PROCEEDINGS or ruz TWENTY-SECOND MEETING, at Belfast, 
1852, Published at 165s. 


Contents :—R. Mallet, Third Report on the Facts of Earthquake Phenomena ;—Twelfth 
Report of Committee on Experiments on the Growth and Vitality of Seeds ;—Rev. Prof, 
Powell, Report on Observations of Luminous Meteors, 1851-52 ;—Dr. Gladstone, on the In- 
fluence of the Solar Radiations on the Vital Powers of Plants ;—A Manual of Ethnological 
Inquiry ;—Col. Sykes, Mean Temperature of the Day, and Monthly Fall of Rain at 127 Sta- 
tions under the Bengal Presidency ;—Prof, J. D. Forbes, on Experiments on the Laws of the 
Conduction of Heat;—-R. Hunt, on the Chemical Action of the Solar Radiations ;—Dr. Hodges, 
on the Composition and Economy of the Flax Plant ;—W. Thompson, on the Freshwater 
Fishes of Ulster;—W. Thompson, Supplementary Report on the Fauna of Ireland;—W. Wills, 
onthe Meteorology of Birmingham — Thomson, on the Vortex-Water- Wheel ;—J. B. Lawes 
and Dr. Gilbert, on the Composition of Foods in relation to Respiration and the Feeding of 
Animals. 

Together with the Transactions of the Sections, Colonel Sabine’s Address, and Recome 
mendations of the Association and its Committees. 
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PROCEEDINGS or tuz TWENTY-THIRD MEETING, at Hall, 
18538, Published at 10s. 6d. 


ContTENTS :—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1852-53; 
—James Oldham, on the Physical Features of the Humber ;—James Oldham, on the Rise, 
Progress, and Present Position of Steam Navigation in Hull;—William Fairbairn, Experi- 
mental Researches to determine the Strength of Locomotive Boilers, and the causes which 
lead to Explosion ;—J. J. Sylvester, Provisional Report on the Theory of Determinants ;— 
Professor Hodges, M.D., Report on the Gases evolved in Steeping Flax, and on the Compositioa 
and Economy of the Flax Plant ;—Thirteenth Report of Committee on Experiments on the 
Growth and Vitality of Seeds ;—Robert Hunt, on the Chemical Action of the Solar Radiations; 
—John P. Bell, M.D., Observations on the Character and Measurements of Degradation of the 
Yorkshire Coast; .First Report of Committee on the Physical Character of the Moon’s Sur- 
face, as compared with that of the Earth ;—RK. Mallet, Provisional Report on Earthquske 
Wave-Transits; and on Seismometrical Instruments ;— William Fairbairn, on the Mechanical 
Properties of Metals as derived from repeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration ;—Robert Mallet, Third Report on the Facts of Earth- 
quake Phenomena (continued). 

Together with the Transactions of the Sections, Mr. Hopkins's Address, and Recommenda- 
tions of the Association and its Committees, 


PROCEEDINGS or rox TWENTY-FOURTH MEETING, at Liver- 
pool, 1854, Published at 18s. 


ContEents:—R. Mallet, Third Report on the Facts of Earthquake Phenomena (continued); 
---Major-General Chesney, on the Construction and General Use of Efficient Life-Boats ;—Rev. 
Prof. Powell, Third Report on the present State of our Knowledge of Radiant Heat ;—Colonel 
Sabine, on some of the results obtained at the British Colonial Magnetic Observatories ;— 
Colonel Portlock, Report of the Committee on Earthquakes, with their proceedings respecting 
Seismometers ;—Dr. Gladstone, om the influence of the Solar Radiations on the Vital Powers 
of Plants, Part 2;—Rev. Prof Powell, Report on Observations of Luminous Meteors, 1853~54; 
—Second Report of the Committee on the Physical Character of the Moon’s Surface ;—W. G. 
Armstrong, on the Application of Water-Pressure Machinery ;—J. B. Lawes and Dr. Gilbert, 
on the Equivalency of Starch and Sugar in Food ;—Archibald Smith, on the Deviations of the 
Compass in Wooden and Iron Ships ;—Fourteenth Report of Committee on Experiments on 
the Growth and Vitality of Seeds. 

Together with the Transactions of the Sections, the Earl of Harrowby’s Address, and Re- 
commendations of the Association and its Committees. 


PROCEEDINGS or rut TWENTY-FIFTH MEETING, at Glasgow, 
1855, Published at 15s. 


ConTENTS :—T. Dobson, Report on the Relation between Explosions in Coal- Mines and 
Revolving Storms;—Dr. Gladstone, on the Influence of the Solar Radiations on the Vital Powers 
of Plants growing under different Atmospheric Conditions, Part 3 ;—C. Spence Bate, on the 
British Edriophthalma ;—J. F. Bateman, on the present state of our knowledge on the Supply 
of Water to Towns ;—Fifteenth Report of Committee on Experiments on the Growth and 
Vitality of Seeds ;—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1854-55 ; 
-—Report of Committee appointed to inquire into the best means of ascertatning those pre- 
perties of Metals and effects of various modes of treating them which are of importance te the 
durability and efficiency of Artillery ;—Rev. Prof. Henslow, Report on Typical Objects in 
Natural History ;—A. Follett Osler, Account of the Self-Registering Anemometer and Rain- 
Gauge at the Liverpool Observatory ;—Provisional Reports. 

Together with the Transactions of the Sections, the Duke of Argyll’s Address, and Recom=- 
mendations of the Association and its Committees. 


PROCEEDINGS or tHz TWENTY-SIXTH MEETING, at Chel- 
tenham, 1856, Published at 18s. 


Contents :—Report from the Committee appointed to investigate and report upon the 
effects produced upon the Channels of the Mersey by the alterations which within the last 
fifty years have been made in its Banks; —J. Thomson, Interim Report on progress in Re- 
searches on the Measurement of Water by Weir Boards ;—Dredging Report, Frith of Clyde, 
1856 ;—Rev. B. Powell, Report on Observations of Luminous Meteors, 1855—1856 ;—Prof. 
Bunsen and Dr. H. E. Roscoe, Photochemical Researches ;—Rev. James Booth, on the Trigo- 
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nometry of the Parabola, and the Geometrical Origin of Logarithms ;—-R. MacAndrew, Report 
on the Marine Testaceous Mollusca of the North-east Atlantic and Neighbouring Seas, and 
the physical conditions affecting their development ;—P. P. Carpenter, Report on the present 
state of our knowledge with regard to the Mollusca of the West Coast of North America ;— 
T. C. Eyton, Abstract of First Report on the Oyster Beds and Oysters of the British Shores; 
—Prof. Phillips, Report on Cleavage and Foliation in Rocks, and on the Theoretical Expla- 
nations of these Phenomena: Part I. ;—-Dr. T. Wright on the Stratigraphical Distribution of 
the Oolitic Echinodermata ;—W. Fairbairn, on the Tensile Strength of Wrought Iron at various 
Temperatures ;—C. Atherton, on Mercantile Steam Transport Economy ;~—J. S. Bowerbank, on 
the Vital Powers of the Spongiada;—Report of a Committee upon the Experiments conducted 
at Stormontfield, near Perth, for the artificial propagation of Salmon ;—Provisional Report on 
the Measurement of Ships for Tonnage ;—On Typical Forms of Minerals, Plants and Animals 
for Museums ;—J. Thomson, Interim Report on Progress in Researches on the Measure- 
ment of Water by Weir Boards;—R. Mallet, on Observations with the Seismometer ;—A. 
Cayley, on the Progress of Theoretical Dynamics ;—Report of a Committee appointed to con- 
sider the formation of a Catalogue of Philosophical Memoirs. 

Together with the Transactions of the Sections, Dr. Daubeny’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or tue TWENTY-SEVENTH MEETING, at 
Dublin, 1857, Published at 15s. 


Contents :—A. Cayley, Report on the Recent Progress of Theoretical Dynamics ;—Six. 
teenth and final Report of Committee on Experimenta on the Growth and Vitality of Seeds ; 
—James Oldham, C.E., continuation of Report on Steam Navigation at Hull;—Report of a 
Committee on the Defects of the present methods of Measuring and Registering the Tonnage 
of Shipping, as also of Marine Engine-Power, and to frame more perfect rules, in order that 
a correct and uniform principle may be adopted to estimate the Actual Carrying Capabilities 
and Working-Power of Steam Ships;—Robert Were Fox, Report on the Temperature of 
some Deep Mines in Cornwall ;—Dr. G. Plarr, De quelques Transformations de la Somme 

—@ gtl+i ghtrgilts 

o Atl ytitt oft! 
est exprimable par une combinaison de factorielles, la notation afl+1 désignant le produit des 
£ facteurs a (a-+-1) (a-+-2) &c....(a-+-¢—1);—G. Dickie, M.D., Report on the Marine Zoology 
of Strangford Lough, County Down, and corresponding part of the Irish Channel ;—Charles 
Atherton, Suggestions for Statistical Inquiry into the extent to which Mercantile Steam Trans- 
port Economy is affected by the Constructive Type of Shipping, as respects the Proportions of 
Length, Breadth, and Depth ;—J. S. Bowerbank, Further Report on the Vitality of the Spon- 
giade ;—John P. Hodges, M.D., on Flax ;—Major-General Sabine, Report of the Committee 
on the Magnetic Survey of Great Britain;—Rev. Baden Powell, Report on Observations of 
Luminous Meteors, 1856—57 ;—C. Vignoles, C.E., on the Adaptation of Suspension Bridges to 
sustain the passage of Railway Trains ;—Professor W. A. Miller, M.D., on Electro-Chemistry ; 
—John Simpson, R.N., Results of Thermometrical Observations made at the ‘ Plovec's’ 
Wintering-place, Point Barrow, latitude 71° 21’ N., long. 156° 17’ W., in 1852-54 ;—Charles 
James Hargreave, LL.D., on the Algebraic Couple; and on the Equivalents of Indeterminate 
Expressions ;—Thomas Grubb, Report on the Improvement of Telescope and Equatorial 
Mountings ;—-Professor James Buckman, Report on the Experimental Plots in the Botanical 
Garden of the Royal Agricultural College at Cirencester ;—William Fairbairn on the Resistance 
of Tubes to Collapse ;—-George C. Hyndman, Report of the Proceedings of the Belfast Dredging 
Committee ;—Peter W. Barlow, on the Mechanical Effect of combining Girders and Suspen- 
sion Chains, and a Comparison of the Weight of Metal in Ordinary and Suspension Girders, 
to produce equal defiections with a given load ;—J. Park Harrison, M.A., Evidences of Lunar 
Influence on Temperature ;—Report on the Animal and Vegetable Products imported into 
Liverpool from the year 1851 to 1855 (inclusive) ;—Andrew Henderson, Report on the Sta- 
tistics of Life-boats and Fishing-boats on the Coaats of the United Kingdom. 

Together with the Transactions of the Sections, Rev. H. Lioyd’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS or tut TWENTY-EIGHTH MEETING, at Leeds, 
September 1858, Published at 20s. , 
ConTEeNnTs:—R. Mallet, Fourth Report upon the Facts and Theory of Edrthquake Phe- 


nomena ;— Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857-58 ;—R. H. 
Meade, on some Points in the Anatomy of the Araneidea or true Spidera, especially on the 
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internal structure of their Spinning Organs 7—W. Fairbairn, Report of the Committee on the 
Patent Laws ;—S. Eddy, on the J.ead Mining Districts of Yorkshire ;—-W. Fairbairn, on the 
Collapse of Glass Globes and Cylinders ;—Dr, E. Perceval Wright and Prof. J. Reay Greene, 
Report on the Marine Fauna of the South and West Coasts of Ireland ;—Prof., J. Thomson, on 
Experiments on the Measurement of Water by Triangular Notches in Weir Boards ;—Major- 
General Sabine, Report of the Committee on the Magnetic Survey of Great Britain ;—Michael 
Connal and William Keddie, Report on Animal, Vegetable, and Mineral Substances imported 
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenoek, and Port 
Glasgow) in the years 1853, 1854, 1855, 1856, and 1857 ;—Report of the Committee on Ship- 
ping Statistics ;—Rev. H. Lloyd, D.D., Notice of the Instruments employed in the Mag- 
netic Survey of Ireland, with some of the Results;—Prof. J. R. Kinahan, Report of Dublin 
Dredging Committee, appointed 1857-58 ;—Prof. J. R. Kinahan, Report on Crustacea of Dub- 
lin District ;—Andrew Henderson, on River Steamers, their Form, Construction, and Fittings, 
with reference to the necessity for improving the present means of Shallow-Water Navigation 
on the Rivers of British India ;—George C. Hyndman, Report of the Belfast Dredging Com- 
mittee ;—Appendix to Mr. Vignoles’s paper “On the Adaptation of Suspension Bridges to sus- 
tain the passage of Railway Trains ;”—Report of the Joint Committee of the Royal Society and 
the British Association, for procuring a continuance of the Magnetic and Meteorological Ob- 
servatories ;—R. Beckley, Description of a Self-recording Anemometer. 

Together with the Transactions of the Sections, Prof. Owen’s Address, and Recommenda- 
tions of the Association and its Committees. 


PROCEEDINGS or runt TWENTY-NINTH MEETING, at Aberdeen, 
September 1859, Published at 15s. 


ConrTEents :—George C. Foster, Preliminary Report on the Recent Progress and Present 
State of Organic Chemistry ;—Professor Buckman, Report on the Growth of Plants in the 
Garden of the Royal Agricultural College, Cirencester ;—Dr. A. Voelcker, Report on Field 
Experiments and Laboratory Researches on the Constituents of Manures essential to cultivated 
Crops ;—A. Thomson, Esq. of Banchory, Report on the Aberdeen Industrial Feeding Schools; 
—On the Upper Silurians of Lesmahago, Lanarkshire ;—Alphonse Gages, Report on the Re- 
sults obtained by the Mechanico-Chemical Examination of Rocks and Minerals ;—William 
Fairbairn, Experiments to determine the Efficiency of Continuous and Self-acting Breaks for 
Railway Trains ;—Professor J. R. Kinahan, Report of Dublin Bay Dredging Committee for 
1858-59 ;—Rev. Baden Powell, Report on Observations of Luminous Meteors for 1858—59; 
—Professor Owen, Report on a Series of Skulls of various Tribes of Mankind inhabiting 
Nepal, collected, and presented to the British Museum, by Bryan H. Hodgson, Eszq., late Re- 
sident in Nepal, &c. &c. ;—-Messrs. Maskelyne, Hadow, Hardwich, and Llewelyn, Report on 
the Present State of our Knowledge regarding the Photographic Image ;—G. C. Hyndman, 
Report of the Belfast Dredging Committee for 1859 ;—James Uldham, Continuation of Report 
of the Progress of Steam Navigation at Hull ;—Charles Atherton, Mercantile Steam Trans- 
port Economy as affected by the Consumption of Coals ;—-Warren de la Rue, Report on the 
present state of Celestial Photography in England ;—Professor Owen, on the Orders of Fossil 
and Recent Reptilia, and their Distribution in Time ;—Balfour Stewart, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request of the 
British Association, by the late John Welsh, Esq., F.R.S.;—W. Fairbairn, The Patent Laws: 
Report of Committee on the Patent Laws;—J. Park Harrison, Lunar Influence on the Tem- 
perature of the Air ;—Balfour Stewart, an Account of the Construction of the Self-recording 
Magnetographs at present in operation at the Kew Observatory of the British Association s— 
Prof. H. J. Stephen Smith, Report on the Theory of Numbers, Part I.;—Report of the 
Committee on Steamship performance ;—Report of the Proceedings of the Balloon Committee 
of the British Association appointed at the Meeting at Leeds ;—Prof. William K. Sallivan, 
Preliminary Report on the Solubility of Salts at Temperatures above 100° Cent., and on the 
Mutual Action of Salts in Solution. 

Together with the Transactions of the Sections, Prince Albert’s Address, and Recommends- 
tions of the Association and its Committees. 


PROCEEDINGS or tne THIRTIETH MEETING, at Oxford, Junc 
and July 1860, Published at 15s. 


ConTENTS :—James Glaisher, Report on Observations of Luminous Meteors, 1859-60 — 
J. R. Kinahan, Report of Dublin Bay Dredging Committee ;—Rev. J. Anderson, Report on 
the Excavations in Dura Den ;—Professor Buckman, Report on the Experimental Plets in the 

Garden of the Royal Agricultural College, Cirencester >—Revy. R. Walker, Repari of 
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the Committee on Balloon Ascents ;—Prof. W. Thomson, Report of Committee appointed to 
prepare a Self-recording Atmospheric Electrometer for Kew, and Portable Apparatus for ob- 
serving Atmospheric Electricity ;—William Fairbairn, Experiments to determine the Effect of 
Vibratory Action and long-continued Changes of Load upon Wrought-iron Girders ;—R. P. 
Greg, Catalogue of Meteorites and Fireballs, from A.D. 2 to A.p. 1860 ;—Prof. H. J. S. Smith, 
Report on the Theory of Numbers, Part II. ;—Vice-Admiral Moorsom, on the Performance of 
Steam-vessels, the Functions of the Screw, and the Relations of its Diameter and Pitch to the 
Form of the Vessel ;—Rev. W. V. Harcourt, Report on the Effects of long-continued Heat, 
illustrative of Geological Phenomena ;—Second Report of the Committee on Steamship Per- 
formance ;—Interim Report on the Gauging of Water by Triangular Notches ;—List of the 
British Marine Invertebrate Fauna. 

Together with the Transactions of the Sections, Lord Wrottesley’s Address, and Recome 
mendations of the Association and its Committees. 


PROCEEDINGS or tus THIRTY-FIRST MEETING, at Manches- 
ter, September 1861, Published at £1. 


CoNTENTS :—James Glaisher, Report on Observations of Luminous Meteors ;-—Dr. E. 
Smith, Report on the Action of Prison Diet and Discipline on the Bodily Functions of Pri- 
soners, Part I.;—Charles Atherton, on Freight as affected by Differences in the Dynamic 
Properties of Steamships ;—Warren De la Rue, Report on the Progress of Celestial Photo- 
graphy since the Aberdeen Meeting ;-—-B. Stewart, on the Theory of Exchanges, and its re~ 
cent extension ;—Drs. E. Schunck, R, Angus Smith, and H. E. Roscoe, on the Recent Pro- 
gress and Present Condition of Manufacturing Chemistry in the South Laneashire District ;— 
Dr. J. Hunt, on Ethno-Climatology ; or, the Acclimatization of Man ;—Prof. J. Thomson, ot 
Experiments on the Gauging of Water by Triangular Notches ;—Dr. A. Voelcker, Report on 
Field Experiments and Laboratory Researches on the Constituents of Manures essential to 
cultivated Crops ;—Prof. H. Hennessy, Provisional Report on the Present State of our Know- 
ledge respecting the Transmission of Sound-signals during Fogs at Sea;—Dr. P. L. Sclater 
and F. von Hochstetter, Report on the Present State of our Knowledge of the Birds of the 
Genus Apleryz living in New Zealand ;—J. G. Jeffreys, Report of the Results of Deep-sea 
Dredging in Zetland, with a Notiee of several Species of Mollusca new to Science or to the 
British Isles }—Prof. J. Phillips, Contributions to a Report on the Physical Aspect of the 
Moon ;—W. R. Birt, Contribution to a Report on the Physical Aspect of the Moon ;—Dr. 
Collingwood and Mr. Byerley, Preliminary Report of the Dredging Committee of the Mersey 
and Dee ;—Third Report of the Committee on Steamship Performance ;—J. G. Jeffreys, 
Preliminary Report on the Best Mode of preventing the Ravages of Teredo and other Animals 
in our Ships and Harbours ;—R. Mallet, Report on the Experiments made at Holyhead to 
ascertain the Transit-Velocity of Waves, analogous to Earthquake Waves, through the local 
Rock Formations ;~-T. Dobson, on the Explosions in British Coal-Mines during the year 1859; 
—J. Oldham, Continuation of Report on Steam Navigation at Hull ;—Professor G. Dickie, 
Brief Summary of a Report on the Flora of the North of Ireland ;—Professor Owen, on the 
Psychical and Physical Characters of the Mincopies, or Natives of the Andaman Islands, and 
on the Relations thereby indicated to other Races of Mankind ;—Colonel Sykes, Report of the 
Balloon Committee ;—-Major-General Sabine, Report on the Repetition of the Magnetic Sur- 
vey of England ;—Interim Report of the Committee for Dredging on the North and East 
Coasts of Scotland ;—W. Fairbairn, on the Resistance of Iron Plates to Statical Pressure and 
the Force of Impact by Projectiles at High Velocities ;—-W. Fairbairn, Continuation of Report 
to determine the effect of Vibratory Action and long-continued Changes of Load upon 
Wrought-Iron Girders ;—Report of the Committee on the Law of Patents ;—Prof. H. J. 8 
Smith, Report on the Theory of Numbers, Patt III. 

Together with the Transactions of the Sections, Mr. Fairbairn’s Address, and Recomtnen- 
dations of the Association and its Committees. 


PROCEEDINGS or tnz THIRTY-SECOND MEETING, at Cam- 
bridge, October 1862, Published at £1. 


Comwrents t—James Glaisher, Report on Observations of Luminous Meteors, 1861-62 ;— 
G. B. Airy, on the Strains in the Interior of Beams ;—Archibald Smith and F. J. Evans, 
Report on the three Reports of the Liverpool Compass Committee ;—Report on Tidal Ob- 
servations on the Humber ;~-7. Apteti, on Rifed Guns and Projectiles adapted for Attacking 
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Armour-plate Defences ;—Extracts, relating to the Observatory at Kew, from a Report 
presented to the Portuguese Government, by Dr. J. A. de Souza ;—H. T. Mennell, Report 
on the Dredging of the Northumberland Coast and Dogger Bank ;—Dr. Cuthbert Colling- 
wood, Report upon the best means of advancing Science through the agency of the Mercan- 
tile Marine ;—Messrs. Williamson, Wheatstone, Thomson, Miller, Matthiessen, and Jenkin, 
Provisional Report on Standards of Electrical Resistance ;—Preliminary Report of the Com- 
mittee for investigating the Chemical and Mineralogical Composition of the Granites of Do- 
negal ;—Prof. H. Hennessy, on the Vertical Movements of the Atmosphere considered m 
connexion with Storms and Changes of Weather ;—Report of Committee on the application 
of Gauss’s General Theory of Terrestrial Magnetism to the Magnetic Variations ;— I 
Jenkin, on Thermo-electric Currents in Circuits of one Metal ;—W. Fairbairn, on the Me- 
chanical Properties of Iron Projectiles at High Velocities ;—-A. Cayley, Report on the Pro- 
gress of the Solution of certain Special Problems of Dynamics ;—Prof. G. G. Stokes, Report 
on Double Refraction ;—Fourth Report of the Committee on Steamship Performance ;— 
G. J. Symons, on the Fall of Rain in the British Isles in 1860 and 1861 ;—J. Ball, on Ther- 
mometric Observations in the Alps ;—J. G. Jeffreys, Report of the Committee for i 
on the N. and E. Coasts of Scotland ;—-Report of the Committee on Technical and Scientific 
Evidence in Courts of Law ;—James Glaisher, Account of Eight Balloon Ascents in 1862 ;— 
Prof. H. J. S. Smith, Report on the Theory of Numbers, Part IV. 

Together with the Transactions of the Sections, the Rev. Prof. R. Willis’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tHe THIRTY-THIRD MEETING, at New- 
castle-upon-Tyne, August and September 1563, Published at £1 5s. 


ConTEents :—Report of the Committee on the Application of Gun-cotton to Warlike Pur- 
poses ;—A. Matthiessen, Report on the Chemical Nature of Alloys ;—Report of the Com- 
mittee on the Chemical and Mineralogical Constitution of the Granites of Donegal, and of 
the Rocks associated with them ;—J. G. Jeffreys, Report of the Committee appointed for 
Exploring the Coasts of Shetland by means of the Dredge ;~—G. D. Gibb, Report on the 
Physiological Effects of the Bromide of Ammonium ;—C. K. Aken, on the Transmatation of 
Spectral Rays, Part I.:—Dr. Robinson, Report of the Committee on Fog Signals ;—Report 
of the Committee on Standards of Electrical Resistance ;—E. Smith, Abstract of Report by 
the Indian Government on the Foods used by the Free and Jail Populations in India ;—A. 
Gages, Synthetical Researches on the Formation of Minerals, &c.;—R. Mallet, Preliminary 
Report on the Experimental Determination of the Temperatures of Volcanic Foci, and of the 
Temperature, State of Saturation, and Velocity of the issuing Gases and Vapours ;—Report 
of the Committee on Observations of Luminous Meteors ;—Fifth Report of the Committee 
on Steamship Performance; G. J. Allman, Report on the Present State of our Knowledge 
of the Reproductive System in the Hydroida ;—J. Glaisher, Account of Five Balloon Ascents 
made in 1863 ;— P. P. Carpenter, Supplementary Report on the Present State of our Know- 
ledge with regard to the Mollusca of the West Coast of North America ;—Professor Airy, 
Report on Steam-boiler Explosions;—-C. W. Siemens, Observations on the Electrical Resist- 
ance and Electrification of some Insulating Materials under Pressures up to 300 Atmo- 
spheres ;—C. M. Palmer, on the Construction of Iron Ships and the Progress of Iren Ship- 
building on the Tyne, Wear, and Tees ;—Measrs. Richardson, Stevenson, and Clapham, oa 
the Chemical Manufactures of the Northern Districts ;—Mesers. Sopwith and Ri 
on the Local Manufacture of Lead, Copper, Zinc, Antimony, &c. ;—Mesars. Daglish and 
Forster, on the Magnesian Limestone of Durham :-—J. L. Bell, on the Manufacture of Iron 
in connexion with the Northumberland and Durham Coal-field ;—T. Spencer, on the Manw- 
neta of Steel in the Northern District ;—H. J. S. Smith, Report on the Theory of Num- 

art V. 

Together with the Transactions of the Sections, Sir William Armstrong’s Address, and 

Reconmendations of the Association and its Committees. 


PROCEEDINGS or tue THIRTY-FOURTH MEETING, at Bath, 
September 1864. Published at 18s. 


Contents :—Report of the Committee for Observations of Luminous Meteors ;— 
of the Committee on the best means of providing for a Uniformity of Weights and Mes- 
sures ;—T. S. Cobbold, Report of Experiments respecting the Development and Migrations 
of the Entozoa ;—B. W. Richardson, Report on the Physiological Action of Nitrite of Amy: 
-—J. Oldham, Report of the Committee on Tidal Observations ;—G. S. Brady, R oa 
Deep-sea Dredging on the Coasts of Northumberland and Durham in 1864 ;—J. Glaisber, 
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Account of Nine Balloon Ascents made in 1863 and 1864;—J. G. Jeffreys, Further Report 
on Shetland Dredgings ;—Report of the Committee on the Distribution of the Organic 
Remains of the North Staffordshire Coal-field ;— Report of the Committee on Standards of 
Electrical Resistance ;—G. J. Symons, on the Fall of Rain in the British Isles in 1862 and 
1863 ;—W. Fairbairn, Preliminary Investigation of the Mechanical Properties of the pro- 
posed Atlantic Cable. 

Together with the Transactions of the Sections, Sir Charles Lyell’s Address, and Recom- 
mendations of the Association and its Committees. 
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Kane, Sir Robert, M.D., F.R.S., M.R.LA., Principal of the Royal 
College of Cork. 51 Stephen’s Green, Dublin. 


- {Kavanagh, James W. Grenville, Rathgar, Ireland. 
. {Kay, David, F.R.G.S. 6 North-bri 


’ 
dge, Edinburgh. 
Kay, John Cunliff. Fairfield Hall, near Skipton. 
*Kay, John Robinson. Boss Lane House, Bury, Lancashire. 
Kay, Robert. Haugh Bank, Bolton-le-Moors. 


. *Kay, Rev. William, D.D. Lincoln College, Oxford. 
. {Kay-Shuttleworth, Sir James; Bart. Gawthorpe, Burnley. 


tKaye, Robert. Mill Brae, Moodies Burn, by G we 


. {Keddie, William. 15 North-street, Mungo street, G We 
. {Kelland, Rev. Philip, M.A.,F.R.S.L. & E. 


, Professor of Mathematics 
in the University of Edinburgh. 20 Clarendon Crescent, Edin- 
urgh. 


. Kelly, John, C.E.. 88 Mount Pleasant-square, Dublin. 

. tKelly, John J. 38 Mount Pleasant-square, Dublin. 

. *Kelly, W. M., M.D. 11 The Crescent, Taunton, Somerset. 
. *Kelsall, Henry. Rochdale, Lancashire. 


Kelsall, J. hdale, Lancashire. 
*Kemble, Rev. Charles, M.A. Vellore, Bath. 


. {Kemp, Rev. Henry William, B.A. Thanet House, Hull. 

. {Kemplay, Christopher. Leeds. 

. [Kempson, Samuel. 

. [ Kennedy, George A., M.D., M.R.IA. 
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1856. {King, James. Levernholme, Hurlet, Glasgow. 
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*Macadam , Stevenson, Ph.D., F.R.S.E., F.C. g.,, Lecturer on Chemistry. 
Surgeons’ Hall, Edinbur 

1 Macaldin, J. J., M. D. Colereive 

*M‘All, Rev. Edward, Rector of Brighstone, Newport, Isle of 


ight. 
*M‘Andrew, Robert, F.R.S. Isleworth House, Isleworth, Middlesex. 
tM Arthur, Richard, WJ. 


Macaulay, Dr. James. 23 Pelham-street, Brompton, London. 


; } Macauley, James William. 


"MacBreyne, J Robert. Mesers. Black and Wingate, 9 Exchange- 


Macbride, Ror Johr ohn David, D.C.L., F.G.8., Principal of Magdalen 
Hall, and Lord Almoner’s Reader in Arabio in the University 
of Oxford. - Oxford. 

FM'Callum, A Archibald K., M.A. House of Refuge, Duke-street, 


. tM‘Calmont, “Robert. Gatton Park, Reigate. 


{M‘Cann, James, F.G.S. Holmfrith, Yorkshire. 
tM‘Causland, Dominick. 12 Fitzgibbon-street, Dublin. 
M‘Clelland, ‘James. 78 Kensington Gardens-square, Bayswater. 


. tM‘Clelland, James. 10 Claremont-terrace, Glasgow. 
. 1M Clelland, John. Calcutta. 


*M‘Connel, J ames. Bent-hill, Prestwich, near Manchester. 


. © M‘Connell, Daud C., F.G.8. 
. {M‘Oonnell, J.E. Woodlands, Great Missenden. 
. [M‘Cosh, Rev. James, M.A. , Professor of Logic, &c., Queen’s College, 


Belfast. 


. tM'Coy, Professor Frederick, F.G.S., Professor of Zoology and Natural 


in the University of Melbourne, Australia, 
M*Cullagh, John, A. B. 
*M‘Culloch, George, M.D. Cincinnati, United States. 


. {M:‘Dermott, Edward. Grove Park, The Grove, Camberwell,. Lon- 
. | Macdonald, Alexander. 


Macdonald, William, M.D., ERS, F.LS., F.G.S., Professor of 
Civil and Natural t. Andrews, 'N.B. 
MacDonnell, Hercules H. G. “ovont! 8 House, Trinity College, Dublin. 
tMacDonnell, The Very Rev. Canon. 8 Montpellier, Bath. 
*MacDonnell, Rev. Richard, D.D., Provost of Trinity ‘College, Dublin, 
M.R.LA. Dublin. 
Macdougall, A. H. 44 Parliament-street, London, 


*M‘Ewan, John. . a egow. 
tMacfarlan, John Fletcher. . Park- place, Edinburgh. 


44 


LIST OF MEMBERS. 


Year of 
Election. 


18659. 

18565. 
854. *Macfie, R: A. 72 Upper Parliament-street, iverpool. 

. *M‘Gee, William, M.D. 10 Donegal-square East, Belfast. 

. {MacGeorge, Andrew, jun. 21 St. Vincent-place, Glasgow. 


- }Macleod, Henry Dunning. 1 


{Macfarlane, Alexander. 73 Bon Accord-atreet, Aberdeen. 
1M‘Farlane, Walter. Saracen Foundry, G Ww. 


MacGregor, Alexander. 


. [M‘Gregor, Alexander Bennett. 19 Woodside-creacent, Glasgow. 
: [MacGregor, James Watt. Wallace-grove, Glasgow. 

. [2Gregor, Robert, M.D. Glasgow. 

. [M‘Gregor, Walter. Liverpool. 

. ers regor, William. 


‘ y David. 54 Netherkinkgate, Aberdeen. 
{M‘Ilveen, Alezander Sinclair. , 


. {M‘Ilwraith, H. Greenock. 


Macintosh, General Alexander Fisher, K.H., F.G.S., F.R.GS. 
7 Tilney-street, Park-lane, London. 

tMacintosh, John. Middlefield House, Woodside, Aberdeen. 

*Maclver, Charles. Abercrombie-square, Liverpool. 


. §Mackeson, H. B. Hyde, Kent. 
. §Mackintosh, Daniel, I.G.S. Chichester. 


M'‘ Kenney, John. 


. {M‘Kenzie, Alexander. 89 Buchanan-street, Glasgow. 


*Mackenzie, James. Glentore, Scotland. 


. {Mackenzie, J. W. 16 Royal Circus, Edinburgh. 


Mackenzie, Rev. Kenneth. The Manse,Borrowstoneas,Linlithgowshire. 


. §Mackenzie, Kenneth Robert Henderson. Orford House, Cheswick. 


Mackerral, Willttam. Paisley. 


. Mackie, David. Mitchell-place, Aberdeen. 


*“Mackinlay, David. Pollokshields, Glasgow. 


. §Mackray, John. 
. [Maclagan, Douglas, M.D., F.R.S.E. 28 Heriot Row, Edinburgh. 


tMaclaren, Archibald. Summertown, Oxfordshire. 


§ MacLaren, Charles, F.R.S.E. Moreland Cottage, Grange Loan, 


Edinburgh. 
§MacLaren, Duncan, M.P. Newington House, Edinburgh. 


. [ MacLaren, John. 
. *M‘Clean, John Robinson. 23 Great George-street, Westminster. 
. {Maclear, Sir Thomas, F.R.S., F.R.GS., F. 


A.S., Astronomer Royal 
at the Cape of Good Hope: 
F Gloucester-terrace, Camden-hill-road, 
ndon. 


. [M' Lintock, William. Lochinch, Pollokshaws, Glasgow. 
. *Maclure, John William. 2 Bond-street, Manchester. 


M‘Master, Maxwell. 07 Grafton-street, Dublin. 


- {M‘Mechan, John, M.D. White House, Belfast. 


millan, Alexander. 1 Trinity-street, Cambridge. 


- {Mac 
. [M'Nadb, John. Edinburgh. 


MacNeill, The Right Hon. Sir John, G.C.B., F.RS.E., F.R.GS. 
Granton House, Edinburgh. 
MacNeill, Sir John, LL.D., F.R.S., M.R.LA., Profeasor of Civil 
Engineering in Trinity College, Dublin. Mount Pleasant, 
un 


{MNichol H.,M.D. 42 Oxford-street, Liverpool. 
Macnight, Alexander. 12 London-street, Edinburgh. 


. {Macpherson, Rev. W. Kilmuir Easter, Scotland. 


Macredie, P. B. Mure, F.R.S.E. Irvine, Ayrshire. 


. {Macrorie, Dr. 126 Duke-street, Liverpool. 


Macrory, Adam John. Duncairn, t. 


LIST OF MEMBERS. 45 


Year of 
Election. 


1855, 
1855. 
1857, 
1853. 


1853. 


1850. 
1863. 


. {Marshall, Reginal 
. “Marshall, William P. 6 Portland-road, Edgbaston, Birmingham. 
. §Marten, EB 13 Hi h-street, Stourbridge. 


*Macrory, Edmund. 7 Fig-tree-court, Temple, London. 
tM‘Tyre, William, M.D. Maybole, Ayrshire. 
{Macvicar, Rev. John Gibson, D.D. Moffat, near Glasgow. 
TM Richard R. Rathmines, Dublin. 
Magor, J. B. Redruth, Cornwall. 
{Magrath, Rev. Folliot, A.M. Stradbally, Queen’s County, Ireland. 
. hide, Talbot de, Lord, F.R.S. Malahide Castle, Malahide, Ireland. 
jMalan, John. Holmpton, Holderness. 
Malcolm, Frederick. 8 Paternoster-row, London. 
Malcolm, Neil. Portalloch, Lochgilphead. 
Maley, R B., M.D., F.R.S.E, 128 George-street, Edinburgh. 
tMaling, C.T. Lovaine-crescent, Newcastle-on-Tyne. 
*Mallet, Robert, Ph.D., F.R.S., F.G.S., M.R.LA. 11 Bridge-strest, 
Westminster , London ; and The Grove, Clapham-road, Clapham, 
ndon. 
tMallet, Dr. John William. University of Alabama, U.S. 
{Manb , Charles, F.R.S., F.G.S. 15 Harley-street, London. 
Manchester, James Prince Lee, Lord Bishop of, F.R.S., F.GS., 
F.R.G.S., F.C.P.S. Mauldreth Hall, Manchester. 


. t{Maneini, Count de, Italian Consul. 


Manning, The Right Rev. H. 


. §Mansel, J.C. Long Thorns, Blandford. 
. §March, J. F. Fairfield House, yeamington. 
. §Markham, Clements R., F.R.G.S. 21 Eccleston-square, Pimlico, 


ndon. 


. {Marland, James William. Mountjoy-place, Dublin. 
ington 


{Marley, John. Mining Office, Dar . 
*Marling, Samuel S. Stanley Park, Stroud, Gloucestershire. 
Marriott, John. Allerton, Liverpool. 


. §Marriott, William. Leeds-road, Huddersfield. 
. {Marriott, William Thomas. Wakefield. 


Marsden, Richard. Norfolk-street, Manchester. 
Marsh, or Henry, Bart., M.D., M.R.I.A. 9 Merrion-square North, 
Dabl 


. FMarsh, M. H. Wilbury Park, Wilts. 


Marsh, Thomas Edward Miller. 37 Grosvenor-place, Bath. 
Marshall, James. Headingly, near Leeds. 


. [Marshall, James D. Holywood Belfast. 


Ay FGS. Headingly, near Leeds. 


*Marshall, James Garth, 
d Dykes. Adel, near Leeds. 


Martin, Rev. Francis, M.A. Trinity College, Cambridge. 
* Martin, Francis P. Brouncker. 


. {Martin, Henry D. 4 Imperial Circus, Cheltenham. 


Martin, James. 

Martin, Studley. 107 Bedford-street South, Liverpool. 
*Martindale, Nicholas. Peter-lane, Hanover-street, Liverpool. 
*Martineau, Rev. James. 10 Gordon-street, Gordon-square, London. 


. §Martineau, R. F. Highfield-road, Edgbaston, Birmingham. 


Martineau, Thomas 


. § . 
: {Maskelyne, Nevil Story, M.A., F.G.S. British Museum, London. 


Mason, Hugh. Ashton-under-Lyne. 
*Mason, Thomas. York. ; 
Massey, Hugh, Lord. Hermitage, Castleconnel, Co. Limerick. 
*Mather, Daniel. 58 Mount Pleasant, Liverpool. 
*Mather, John. 58 Mount Pleasant, Liverpool. 


LIST OF MEMBERS. 


Year of 
Election. 


1863. 


1857, 
1850. 
1859. 


1863. 


1859. 
1866. 


. TMaule, Rev. Thomas, M.A. Partick, near Glasgow. 
. *Maw, George, F.L.S., F.G.S.,F.S.A. Benthall 
. "Mawson, John. 8 Moseley-street, Newcastle-on-Tyne. 
. *Maxwell, Francis. Gribton, near Dumfries. ; 


. §Medcalf, Wi 
. §Meier, R. Newcastle-upon-Tyne. 


*Mather, Joseph. Beech Grove, Newcastle-on-Tyne. 


. *Mathews, G.S. Edgbaston House, Hagleyeraed, Birmingham. 
. *Mathews, William, jun.,M.A.,F.G.8. 51 Carpenter-road, Birming- 


Mathews, William P. 


. t{Matthow, Alexander C, 8 Canal-terrace, Aberdeen. 
. §Matthews, C. E. Waterloo-street, Birmingham. 
. {Matthews, F.C. Mandre Works, Driffield, Yorkshire. 


*Matthews, Henry, F.C.8. 60 Gower-street, London, W.O. 


. §Matthews, Rev. Richard Brown. The Vicarage, Shalford, near 


Guildford. 


. *Matthiessen, Augustus, Ph.D., F.R.S., Lecturer on Chemistry, St. 


Mary’s Hospital. Paddington, London. 
{ Maughan, Rev. J. D. 
{Maughan, Rev. W. Benwell Parsonage, Newcastle-on-Tyne. 


all, Broseley, Salop. 
*Maxwell, James Clerk, M.A., F.R.S., L. & E., Professor of Natural 


Philosophy and Astronomy in King’s College, London. 8 Palace 
Garden-terrace, Kensington, London. 


. “Maxwell, Sir John, Bart., F.R.S. Pollok House, Renfrewshire. 
. {Maxwell, John Waring. Finnebrogue, Downpatrick, Ireland. 


Maxwell, Robert Percival. Finnebrogue, Downpatrick, Ireland. 


Ma 


ynard, Thomas. 
. *May, Walter. Berkelev-street, Birmingham. 


*Mayne, Rev. Charles, M.R.LA. 22 Upper Merrion-street, Dublin. 
Mayne, Edward Elis, 


. {Mayne, Wiliam Annesley. Dublin. 

. "Meadows, James. York-place, Rusholme, near Manchester. 
. §Mease, George D. South Shields. 

. §Mease, Solomon. North Shields. 


Meath, J oeoph Henderaon Singer, D.D., Lord Bishop of. 
iam. 20 Bridgewater-place, Manchester. 


Mellor, J. 


. {Melly, Charles Pierre. Liverpool: 
. {Melville, Professor Alexander Gordon, M.D, Queen’s College, Galway. 
. ae Alexander. 8 Fingal-place, Edinburgh. 


Mennell, Henry. 20 Fenchurch-street, London. 
§Measent, P.T. 4 Northumberland-terrace, Tynemouth. 


. [ Meyer, Charles, D.C.L. 

. *Michell, Rev. Richard, B.D. St. Giles’s-street, Oxford. 

. §Michie, Alexander. 26 Austin Friars, London. 

. §Middlemore, William. Edgbaston, Birmingham. 

- {Mifes, Rev. Charles P., M.D., Principal of the Malta Protestant Col- 


lege, St. Julian's, Malta. Office, 8 St. James’s-street, Pall Mall, 
London. 
He C2 mates Bly 
{ Millar, James S. 9 Y 
tMillar, John, Lisburn, Ireland. : 
§Millar, John, MLD., F.LS, F.GS, Bethnal House, Cambridge-road, 
naon. 
Millar, Thomas, M.A. Perth. 
{Miller, James, jun. Greenock. 
§Miller, Rev. J.C.,D.D. The Vicarage, Greenwich, London. 
*Miller, Patrick, M.D. Exeter. 


LIST OF MEMBERS. ay 
Year of 
Blection. 


1861. *Miller, Robert. 90 King-street ; and Whalley Range, Manchester. 
1863. fMiller, Thomas, Righill Hall, Durham. 

*Miller, William Allen, M.D., Treas. and V.P.R. S., Pres. Chem. Soc., 
Professor of Chemistry i in King’s College, London. 

Miller, William Hallows, M.A., For. Sec. R.S., F.G.8., Professor of 
Mineralogy in the University of Cambridge. 78 croope- terrace, 
Cambridge. 

¥842, Milligan, Robert. Acacia in Randon, Leeds. : 
*Mills, John Robert. Bootham, York. 

185]. { Mille, Rev . Thomas. 

1847. {Milman, The Very Rev. H. H., Dean of St. Paul’ s, London, 

Milne, Rear-Admiral Sir Alexander, K.C.B., F.R.S.E. Mussel 
borough, David, WA 

-Home, David, M.A., F.R.S.E. Wedderburn, Coldstream, N. B. 
1854, *Milner, William. Liverpoo 
1854, *Milner, William Ralph. Wakefield, Yorkshire. 
1864. *Milton, The Rt. Hon. Lord, M.P., F.R.G.S. Wentworth, York« 


shire 
1865. §Minton, Samuel, F.G.8. Oakham House, near Dudley. 
1855. {Mirrlees, James ‘Buchanan. 128 West-street, Tradeston, Glasgow. 
1859. {Mitchell, Alexander, M.D. Old Rain, Aberdeen. 
1863. {Mitchell,C. Walker, Newcastle-on-Tyne. 
1855. { Mitchell, George. Glasgow 
1863. “Mitchel, Willem Stephen, LL.B., F.G.8. Caius College, Cam- 
ri 
1855. *Moffat, John, C.E. Ardrossan 
1854. Moffat, Th Thomas M.D., FGS., F.R.A.S., M.B.M.S. Hawarden, 


1864. t{Mogg, J ohn Rees. Littleton House, near Bristol. 
1848. i Mogetidg e, Matthew. Willows, near Swansea, 
Morr, Texase. 174 Gallogate, Glasgow. 
1850. {Motr, John, M.D. Edinburgh. 
1861. Molesworth, Rev. W. N., M.A. Spotland, Rochdale. 
Mollan, John, M.D. 8 Fitzwilliam-square North, Dublin. 
1852. {Molony, William, LL.D. Carrickfergus. 
Mol: , James, 
1865. §Molyneux, William, F.G.S. Branston Cottage, Burton-upon-Trent. 
1858, tMonday, William, Hon, Sec. Hull Lit, and Phil, Boo. "6 Jarratt- 
street. 


1860, §Monk, Rev. William, M.A., F.R.A.S. Wymington Rectory, Hyham, 
Ferrers, Northamptonshire. 

1858. {Monroe, Henry, M.D. 10 North-street, Sculcoates, Hull. 
1850. { Monteith, Alerander E. Inverleith House. 

Montgomery, Me Matthew Glasgow. 
1846, de cods 

. §Moore, Arthur. " Cradley House, Clifton, Bristol. 

1859, §Moore, Charles, F.G.8. 6 Cambridge-terrace, Bath. 
1857. tMoore, Rev. Dr. Clontarf, Dublin. 

Moore, John. 2 Mendiem-plan Clifton, Bristol. 

*Moore, John Carrick, M.A ,» E.G. 8. Corswall, Wigtonshire. 

1854, t{Moore, Thomas J ohn. Derby Museum, Liv 

Moore, William D. 7 South Anne-street, Du lin. 
1857, *“Moore, Rev. William Prior. The College, Cavan, Ifeland. 

Morant, Rev. James. 
1861. t{Morewood, Edmun!. Cheam, Surrey. 

Morgan, Captain Evan, R.A. 

Morgan, James. 


1849. {Morgan, William. 37 Waterloo-street, Birmingham, 


48 


LIST OF MEMBERS. 


Year of 
Election. 


1852. 
1857. 


. §Muir, William. 10 St. Jo 


Moriarty, Merion, M.D. New South Wales. 
Morley, George. Park-place, Leeds. 


. §Morley, Samuel. Lenton-grove, Nottingham. 

. *Morrieson, Captain Robert. Oriental Club, Hanover-square, London. 
. t{Morrieston, Robert, F.R.S.E. 6 Heriot-row, Edinburgh. 

. *Morris, David. 1 Market-place, Manchester. 

. {Morris, Edward, M.D. Hereford. 


“Morris, Rev. Francis Orpen, B.A. Nunburnholme Rectory, Hayton, 
ork. 


Morris, Samuel, M.R.D.S. Fortview, Clontarf, near Dublin. 


. }Morria, William. The Grange, Salford. 


{Morrow, R. J. Bentick Villas, Newcastle. 


. §Mortimer, J. R. Fimber, Malton. 
. *Morton, Francis. Hermitage, Oxton, Cheshire; and James-street, 


Live 


1. 
. §Morton, George H., F.G.S. 9 London-road, Liverpool. 
. "Morton, ier Joseph. Garforth House, West Garforth, near 


. TMoseley, Rev. Henry, M.A., F.R.S. 13 Great George-street, West- 


munster. 


. {Moses, Marcus. 4 Westmoreland-street, Dublin. 
- {Mosheimer, Joseph. 


P 
Mosley, Sir Oswald, Bart., D.C.L., F.L.S., F.G.S. Rolleston Hall, 
urton-upon-Trent, Staffordshire. 
Moss, John. Otterspool, near Liverpool. 


. *Moss, W. H. Kingston-terrace, Hull. 
. §Mosse, J. R. General Manager's Office, Mauritius Railway, Port 


Louis, Mauritius. 


. §Mott, Charles Grey. The Park, Birkenhead. 

. *Mouat, Frederick John, M.D., Inspector-General of Prisons, Bengal. 
. {Mould, Rev. J.G., B.D. 21 Camden-crescent, Bath. 

. }Mounsey, Edward. Sunderland. 


Mounsey, John. Sunderland. 


. *Mountcastle, William Robert. 22 Dorking-terrace, Cecil-street, 


Greenheys, Manchester. 
Mowbray, James. Combus, Clackmannan, Scotland. 


. {Mowbray, J.T. 27 Dundas-street, Edinburgh. 


Muir, Rev. John. St. Vigean 's, by Arbroath. 
n-street, Adelphi, London. 

Muirhead, James. 90 Buchanan-street, Glasgow. 

tMullan, William. Belfast. 

}Mallins, Mt. Bernard, M.A., C.E. 1 Fitzwilliam-square South, 


Munby, Arthur Joseph. 6 Fig-tree-court, Temple, London. 


. *Munro Colonel William. United Service Club, Pall Mall, London. 
. §Murch, Jerom. Cranwells, Bath. 


*Murchison, John Henry, F.G.S. Surbiton-hill, Kingston. 


. *Murchison, K. R. Manor House, Bathford, Bath. 


*Murchison, Sir Roderick Impey, Bart., K.C.B., M.A., D.C.L. Oxon., 
LL.D. Camb., F.R.S., F.G.S., F.R.G.S., Hon. Mem. R.S.Ed. & 
R.LA., Director-General of the Geological Survey of the United 
Kingdom. 16 Belgrave-square, London. 


. {Murchison, Captain R. M. Caerbaden House, Cleveland-walk, Bath. 
. {Murdock, J 
. ¢{Murgatroyd, William. Bank Field, Bingley. 


ames B. 195 Bath-strect, Glasgow. 
Murley, Rev. C. H. South Petherton, Ilminster. 


. [Murley, Stephen. 
- ]Murney, Henry, M.D. 10 Chichester-street, Belfast. 


LIST OF MEMBERS. 4g 


iad 
1852. {Murphy, Joseph John, Old Forge, Dunmarry, Co. Antrim. 
1850. jMarray ‘Andrew. es 
1857. { Murray, B, A. 
Murray, George. ; 
Murray, John, F.G.S., F.R.G.S. 50 Albemarle-street, London ; and 
ewsted, Wimbledon, Surrey. 
1859. {Murray, John, M.D. Forres, Scotland. 
*Murray, John, C.E. 11 Great Queen-street, Westminster, London. 
tMurray, Rev. John. Morton, near Thornhill, Dumfriesshire. 
1868. {Murray, William. 34 Clayton-street, Newcastle-on-Tyne. 
*Murton, James. Silverdale, near Lancaster. 
M ve, The Venerable Charles, D.D., Archdeacon of Craven. 


ax. 

1861. {Musgrove, John, jun. Bolton. 

Muspratt, James. 

*Muspratt, James Sheridan, Ph.D., F.C.S. College of Chemistry, 

ve . 

Muston, George. 
1865. §Myers, Rev. E. 17 Summerhill-terrace, Birmingham. 
1845. {Myers, Rev. Thomas. York. 
1859. §Mylne, Robert William, F.R.S.,F.G.S., F.S.A. 21 Whitehall-place, 


London. 
1850. {Myrtle, J. Y.,M.D. 113 Princes-street, Edinburgh. 


1850. {Nachot, H. W., Ph.D. 118 Princes-street, Edinburgh. 
1842. Nadin, Joseph. Manchester. 
1864. §Napier, Charles Ottley Groom, Southwell Cottage, Kingsdown, 


1855. tNapier, J: ames R, 22 Blythwood-square, Glasgow. 
1889. “Napier, Right Honourable Joseph. 4 Merrion-square, Dublin. 


~ * Napier, Captain Je . 

1855. Napier, Robert. "West Chandon, Gareloch, G We 

Napper, James William L. Loughcrew, Ol e., Co. Meath. 
1850. *Nasmyth, James. Penge Hurst, Kent. 

Nasmyth, Robert, F.R.S.E, 5 Charlotte-square, Edinburgh. 
1864. {Natal, Lord Bishop of. 
1860. {Neate, Charles, M.A., M.P. Oriel College, Oxford. 
1850. { Necker, Theodore. Geneva. 
1845. [Neild, Arthur. Ollernshaw phaley bridge, by Stockport. 
1858, Neill, William, Governor of Hull Jail. Hull: 

Neilson, James B. Glasgow. 

Neilson, Robert. Woolton-hill, Liverpool, 
18. iN eilaon, Walter. 172 Weat Gporee-strect. 

365. §Neilson, W. Montgomerie. We 

1846. t Neison, F. G. P. ‘6° wee 
1861. “Nelson, William. Scotland Bridge, Manchester. 
1849. t{Nesbit, C.J. Lower Kennington. lane, London. 

Ness, John. Helmsley, near York. 
1861. {Nevill, Thomas Henry. 17 George-street, Manchester. 
1857. {Neville, John, C.E., M.R.LA. Dundalk, Ireland. 
1852. Neville, Parke, ©.E. Town Hall, Dublin. 
‘1842. New, Herbert. Evesham, Worcestershire. 

Newall, Henry. Hare-hill, Littleborough, Lancashire. 

*Newall, Robert Stirling. Gateshead-upon-Tyne. 

Newberry, Rev. Thomas, M.A. The Rectory, Hinton, Liminster, 

omerset. 


| Newhigg: ing, P. 8. K., M.D. Edinburgh. - 
1864, *Newlan James, 2 Clare-terrace, Liverpool. 


50 


LIST OF MEMBERS. 


Year of 
Election. 


1854. 
1842. 


. *Newmarch, William, F.R. 


1858. 


1858, 


1857. 


1857, 


{ Newman, Charles Wilkam. 
Newman, Francis William. 1 Dover-place, Clifton, Bristol. 
*Newman, William. Darley Hall, near Barnsley, Yorkshire. 

8. 17 Palace Gardens-terrace, The Mall, 
Notting-bill, London. 


. tNewmarch, William, Secretary to Globe Insurance, Cornhill, Lon- 


. }Newsome, Thomas. Park-road, Leeds. 


. "Newton, Alfred, M.A., F.L.S. Magdalen College, Cambridge. 
. §Newton, Thomas Henry Goodwin. Clopton House, near Stratford- 


on-Avon. 


Nicholl, Iltyd, F.L.8S. Uske, Monmouthshire. 


. {Nicholl, W. H. Uske, Monmouthshire. 


Nicholson, Cornelius, F.G.S. Welfield, Muswell-hill, London. 


. *Nicholson, Edward. 28 Princess-street, ’ Manchester. 


*Nicholson, John A., A.M., M.B., Lic. Med., M.R.LA. Balrath, Kells, 
Co. Meath. 


. *Nicholson, William Nicholson. Roundhay Park, Leeds. 

. tNicol, J., Professor of Natural History in Marischal College, Aberdeen. 
. [Micolay, ’ Rev. C. G. 

. [Neven, Rev, James. 


Niven, Ninian. Clonturk Lodge, Drumcondra, Dublin. 


. §Noad, Henry M., Ph.D., F.R.S., F.C.S. 72 72 Hereford-roed, Baye 


water, ndon. 


. *Noble, Captain. Elswick Works, Newcastle-on- 
. {Noble, Matthew. 13 Bruton-street, Bond-street, don. 
. *Nolloth, M. 8, Captain R.N., F.RGS. St. Mary’s Cottage, Peck 


ham, London ; and United Service Club, London. 


. tNorfol’ Richard. "Messrs, W. Rutherford and COo., 14 Canada Dook, 
. $Nomnan Ma sei Alfred Merle,M.A. Ho hton-le-Spring, Co. Durham. 


Norreys, Sir Denham Je ephson, Bart allow Oastle, Co. Cork. 
Norris, Charles. St. John’s House, ‘Halifax. 


. §Norris, Richard. 2 Birchfield-road, Aston, Birmingham. 


Northam n, Charles Douglas, The Marquis of. 145 Piccadilly, 
ndon. 


. tNorthcote, A. Beaucham amp, F.0.S. Queen’s College, Oxford. 
. [ Norton, John Howard, 
. tNotcutt 


pewich. 
1961. tNoton, Thomas. Priory House, Oldham 


1857. 
. HNunnerle , Thomas. Leeds. 


1859, 


tt, S. A. Westgate-street, 


tNourse, William E. C., F.R.C.S.. West Cowes, Isle of Wight. 
Nowell, John. Farley Hall, Huddersfield. 
{ Nuling, Alfred. 


Nurse, llkam Mountford. . 
tNuttall, James. Wellfield House, Todmorden. 


O’ Beirne, James, M.D. 

O’Brien, Baron Lucius. Dromoland, N ewmarket-on-Fergus, Ireland. 
O'Callaghan, George. Tallas, Co. Clare. 

“oon Patrick, LL.D., D. OL 16 Clarendon-square, Lee- 


rere, me Row. William James, Sion-hill, Bath. 

“0 William, M.B., F.R.S., Sec. Chem. Soc., Professor of Che- 
mistry in the Medical School of St. Bartholomew's Hospital. 
Sydenham-road, Croydon, Surrey. 

tO’Donnavan, William Jo 2 Cloisters, Temple, Dublin. 

fO’Donnavan, John. &6 Upper Buckingham-street, Dublin. 


LIST OF MEMBERS. 51 


Year of 
Election. 


1859, 


Hull. 
1854, {Pare, William, F.S.S. Seville Iron Worka, Dublin. 


JOKelly, Ma 


. JO’Leary, Purcell, M.A. Sy 
_ fOliver, D. Richmond, Surrey. 


tOrmerod, Henry Mere. 


§Ogilvie, O. W. Norman. Baldovan House, Dundee ; 
“Ogilvie, George, M.D., Lecturer on the Institutes of Medicine in 
Mariechs College, Aberdeen. 


Ogiloy : 
fori, Sir John, Bart. Inverquharity, N. B. 


Ogle, Rev. E. C. 
*Ogle, William, M.D., M.A. Derby. 
Grady, Michael M., M.D. Lamancha, Malahide, Dublin. 


| tOgston, Francie, M.D, 18 Adelphi-court, Aberdeen. 
. 10 agan, John. 20 Kildare-street, Dublin. 
8 


O'Kelly, J oveph, M.A. 6I Stephen’s Green, Dublin. 
ias J. Dalkey, Ireland. 
Oldham, James, C.E. Austrian Chambers, H 


ull. 
. “Oldham, Thomas, M.A., LL.D., F.R.S., F.G.9., M.R.LA,, Director 


of the Geological Survey of India. Coloutta. 
ey-place, Cor. 


Ommanney, Erasmus, Rear-Admiral, F.R.A.S., F.R.G.8. 6 Talbot- 
uare, Hyde-park, London; and United Service Olub, Pall 
ndon. 
*O' Reardon, John, M.D. 


. “Orlebar, A. B., M.A. 


Ormerod, George Wareing, M.A., F.G.S. Chagford, Exeter. 
’ Henry Mere, Clarence-strect Manctoctor, and 11 Wood- 
land-terrace, Cheetham-hill, Manchester. 


. §Ormerod, T. T. Brighouse, near Halifax. 


Orpen, John H., LL.D., M.R.I.A. (Local Treasurer.) 58 Stephen's 
Orr Gros, dre eBay th ood Ql 
t ir Andrew. wood-square, Glasgow. 

Orrell, Alfred. “iene 


. §Osborne, E. C. Carpenter-road, Edgbaston, Bi ham. 
*Oaler, A. Follett, F.RS. South Bank, Edgbaston, Birmingham, 
- “Osler, Henry F. Portland-road, Edgbaston, Birmingham. 


* Ossalinski, Count. 

§Outram, Thomas. Greetland, near Halifax. 

Ovenend, Wilson. Sharrow Head, Sheffield. 

Overston, Samuel Jones Lloyd, Lord, FG.8. 22 Norfolk-street, 
Park-lane, London; and Wickham Park, Bromley. 


. Owen, James H. Park House, Sandymount, Oo. Dublin. 


Owen, Richard, M.D., D.C.L., LL.D., F.R.S., F.L.8., F.G.8., Hon. 
M.R.S.E., Director of the Natural History Department, British 
Museum. Sheen Lodge, Mortlake, London. 


. *Ower, Charles. Dundee. 


Oxford, Samuel Wilberforce, D.D., Lord Bishop of, F.R.S8., F.S.A., 
FRG. 26 Pall Mall, London; and Cuddesdon Palace, Wheat- 
ey, Oxon. 


. {Pagan, John M., M.D. West Regent-street, Glasgow. 

. tPapen. Samuel Alexander, M.D., F.R.S.E. Edinburgh. 

. [Page, David, F.R.S.E., F.G.S. 44 Gilmore-place, Edinburgh. 
. §Paget, Charles. Ruddington Grange, near Nottingham. 

. tPaget, George E., M.D. Cambridge. 

. [Paks I. S., BA. 


. {Palmer, C.M. Whitley Park, near Newcastle-on-Tyne. 


*Palmer, Sir William, Bart. Whitchurch-Canonicorum, Dorset. 
Palmes, Rev. William Lindsay, M.A. The Vicarage, Hornsea, 


RQ 


52- LIST OF MEMBERS. 


Year of 
Election. 


1857. *Parker, Alexander, M.R.I.A.. William-street, Dublin. 
1868, §Parker, Charles. Dundee. 
*Parker, Charles Stewart. Liverpool. 
1868. {Parker, Henry. Low Elswick, Newcastle-qn-Tyne. 
1868, }Parker, Rev. Henry. Idlerton Rectory, Low Elswick, Newcastle-on- 
e. 

Parker, Joseph, F.G.S. Upton Chaney, Bitton, near Bristol. 
1845, {Parker, J. W., jun. Strand, London. 

Parker, Ric Dunecombe, Cork. 

Parker, Rev. William. Saham, Norfolk. 
1865. *Parker, Walter Mantel. Warren-corner House, near Farnham, Surrey. 
1853. {Parker, William. Thornton-le-Moor, Lincolnshire. 
1861. §Parkes, Alexander. 8 Bath-place, Birmingham. 
1865. *Parkes, Samuel Hickling. 5 St. Mary’s-row, Birmingham. 
1864, §Parkes, William. 14 Park-street, Westminster. 
1859. { Parkinson, Robert, Ph.D. Bradford, Yorkshire. 
1863. }Parland, Ceptain. Stokes Hall, Jesmond, Newcastle-on-Tyne, 


3 e ° 
1862. §Parnell, John, M.A. Upper Clapton, London. 
Parnell, Richard, M.D., F.R.S.E. 7 James’s-place, Leith. 
1854, {Parr, Alfred, M.D. New Brighton, Cheshire. 
: James Edge. 

Partridge, Richard, F.R.S., Professor of Anatomy to the Royal 
Academy of Arts, and to King’s College, London. 17 New- 
street, Spring-gardens, London. 

1865. *Parsons, Charles Thomas. Ann-street, Birmingham. 

1865. §Pate, Thomas. Ore, Hastings. 

1855. {Paterson, William. 100 Brunswick-street, G iw. 

1861, }Patterso n, Andrew. Deaf and Dumb School, Old Trafford, Man- 
chester 


1868. {Patterson, H.L. Scott’s House, near Newcastle-on-Tyne. 
1863. { Patterson, John. 16 Bloomfield-terrace, Gateshead-on- 
Patterson, Robert, F.R.S. (Local Treasurer.) 6 College-square North, 
wat . 


1863, Pattinson, William. Felling, near Newcastle-on-Tyne. 
Pattison, Dr. T. H. Edinburgh. . 
1863. §Paul, Benjamin H., 5b. 8 Gray's Inn-square, London. 


9g 
Frederick William, M.D., F.R.S., Lecturer on Physiology and 
1 ospi 35 
Grosvenor-place, London. 

1864. {Payne, Edward Turner. 3 Sydney-place, Bath. 
1851. {Payne, J oseph. Leatherhead, Surrey. 
1847. §Peach, Charles W. 380 Haddington-place, Leith-walk, Edinburgh. 
1863. §Peacock, R.A. Jersey. to 

*Pearsall, Thomas John, F.C.S. Mechanics’ Institution, Southampton- 

buildings, Chancery-lane, London. 
1854. {Pearson, J. A. Woolton, Liverpool. 
1853. {Pearson, Robert H. 1 Prospect House, Hull. 
arson, Rev. Thomas, M.A. 

1868. §Pease, H: F. Brinkburn, Darlington. 
1852. {Pease, Joseph Robinson, J.P. Hesslewood. 
1868. §Pease, Joseph W. Woodlands, Darlington. 
1863, { Pease, J. W. Newcastle-on-Tyne. 
1858, *Pease, Thomas, F.G.S. Henbury, near Bristol. 

Peckitt, Henry. Carlton Husthwaite, Thirak, Yorkshire. 
1855, *Peckover, Alexander, F.R.G.S. Wisbeach, Cambridgeshire. 

*Peckover, Algernon, F.L.S. Wisbeach, Cambridgeshire. 


LIST OF MEMBERS. 58 


Year of . 
Election. i 


1859. 
1864. 
1861. 
1856. 
1865. 


1864, 


» pat Re M.D. 18 Upper P Liverpool 
. Petrie, James, M.D. 13 Upper Parliament-street, Liverpool. 
. *Potrie, John. Rochdale. e 

. [ Petrie, William. Ecclesbourne Co , Woolwich. 


*Peckover, Daniel. Woodhall, Calverley, Leeds. 

*Peckover, William, FS.A. Wisbeach, Cambridgeshire. 

"Pedler, Lieutenant-Colonel Philip Warren. utley House, near 
outh. 


. §Pemberton, Oliver. 18 Temple-row, Birmingham. 
. *Pender, John. Mount-street, Manchester. . 
. §Pengelly, William, F.R.S., F.G.S. Lamorna, Torqua 


{Penny, Frederick, Professor of Chemistry in the Jersonian Uni- 


versity, Glasgow. 


. {Pentland, J. Bs R der-street, St. James’s, London. 


CS ormyn-street, London. 


{Perkins, Rev. George. St. James’s View, Dickenson-road, Rusholme, 
near Manchester. ; 
Perkins, Rev. R. B., D.C.L. Wotton-under-Edge, Gloucestershire. 


. *Perkins, V. R. Wotton-under- 


tPerring, John Shae. 104 King-street, Manchester. 
Perry, The Right Rev. Charles, M.A., Bishop of Melbourne, Aus- 


“Perry, Rev. S. G. F., M.A. Tottington Parsonage, near Bury. 
*P ters Edward. Temple-row, Birmingham. 
v. John Louis. 9 New-square, Lincoln’s Inn, London. 


Pett, Samuel, F.G.S. 7 Albert-road, Regent’s Park, London. 
Peyton, Abel, Birmingham.. 
, George. 


t ge 
. TPhelps, Rev. Robert, D.D. Cambridge. 
. *Phené, John Samuel, F.R.G.S. 34 Oakley-street, Chelsea, London. 
. *Philips, Rev. Edward. The Bank, near Chendle, Staffordshire. 
. “Philips, Herbert. 35 Church-street, Manchester. 


*Philips, Mark. The Park, near Manchester. 


- §Philipson, Dr. 59 Blackett-street, Newcastle-on-Tyne. | 
. *Phillipps, Sir Thomas, Bart., M.A., F.R.S. Middle-hill, near Broad- 


way, Worcestershire. 
*Phillips, Major-General Sir Frowell. United Service Club, Pall Mall, 


ndon. 


. [PAtllips, George. Liverpoot 


Phillips, Rev. George, -D., Queen’s College, Cambridge. 

*Phillips, John, M.A., LL.D., D.C.L. (PREsmEnrt), F.R.S., F.G.8., 
Professor of Geology in the University of Oxford. Museum 
House, Oxford. 

tPhillips, Major J. Scott. 

Philpott, The Right Rev. Henry, D.D., Lord Bishop of Worcester. 
§Pickering, William. 3 Bridge-street, Bath. : 
tPickstone, William. Radcliff Bridge, near Manchester. 
tPierson, Charles. 8 Blenheim- e, Cheltenham. 

Pigott, J. H. Smith. Brockley Hall, Bristol. 

§Pike, L. Owen. 25 Carlton-villas, Maida Vale, London, 

*Pike, Ebenezer. Besborough, Cork. 

tPilditch, Thomas. Portway House, Frome, 


54 LIST OF MEMBERS. 


Year of 
Election. 
1857. . Pi n, Henry M., M.A., Q.O. 35 pardner’s-p 
mmander Bedford C. T., R.N., F.R.G. Tamer U United 
‘Service Club, London. 
Pim, George, M. R.A. Brennan’s Town, Cabinteely, Dublin. 
Pim, Jonathan. Harold’s Cross, Dublin. 
Pim, William H. Monkstown, Dublin. 
1861. }Pincofia, Simon. Crumpsall Lodge, Cheetham-hill, Manchester. 
Pinney, Charles. Clifton, Bristo 
1859. {Pirrie, William, M.D. 238 Uaion-atreet Weat, Aberdeen. 
1864, {Pitt, R. & Widcomb-terrace, Bath. 
1865. §Plant, Thomas L. Camp-hill; and 33 Union-street, Birmingham. 
1868. *Platt, John. Werneth Park, Oldham, Lancashire. 
1842, Playfair, Lyon, C.B., Ph.D., "LL.D. F.RS.L. & E., V.P.C.8., Pro- 
fessor of Chemisty 5 in the University of Edinburgh. 14 "Aber 


cromby~- Edinburg 
Plumptre, C Jea Frederick, D.D., Master of University College, 
ord. University College, Oxford. 

Plumtre, R. B., M.A. 
1857. {Plunkett, Thomas. Ballybrophy House, Borris-in-Ossory, Ireland. 
1861. *Pochin, Henry Davis, F.C.S. Oakfield House, Salford. 
1847. $Pococke, Rev. N., M.A. Queen’s College, Oxford. 

*Pollexfen, Rev. Sohn Hutton, M.A., Rector of St. Runwald’s, Col- 


chester. 
Pollock, A. 52 U Sackville-street, Dublin. 
1862. *Polwhele, Thomas Roxburgh, M.A. fPolwhele, Truro, Cornwall. 
*Pontey, Alexander. Plymouth. 
1804. Poor fecll, Matth Roeella-place, Tyn th 
oppelwe atthew. - , emouth. 
pa Rev. Charles, D.D. P 
*Porter, Henry J ohn Ker. St. Martin’s Abbey, Perth. 
1846. | Porter, John. 
Porter, Rev. T. H., D.D. 
1868, {Potter, D. M. Cramlington, ear Newcastle-on-T yne. 
“Potter, Edmund, F.R.S. 10 Charlotte-street, Manchester. 
Potter, Hen Glassford, F.L.S.,F.G8. Reform Club, London; and 
Jesmon High-terace, N ewcastle-on-Tyne. 


Potter, Richard, A., F.C.P.8. Ampthill-square, Hampstead-road, 
ndon. 

Potter, Samuel T. 
1842, Potter, Thomas. -street, Manchester. 


Potter, William. 84 alkner-street, Liverpool. ° 
1863. {Potta, "James. See Newcastle-on-Tyne. 
1857. *Pounden, Captain RGS. Junior United Service Club, 
London ; rad Brownswood, Co. Wexford. 
Powell, Rev. "Dr. Madras. 
1851. { Power, David. 
1857. Power, Sir James, Bart. Edermine, Enniscorthy, Ireland. 
1859, t Poynter, John. Glasgow 
1855. *Poynter, John E. Clyde Neuck, Uddingstone, Hamilton, Scotland. 


1864, Pregl , Arthur. Ashfield -villes, Cotham, Bristol. 
Pratt, “Archdeacon, M.A., FCP. Calcutta. 
1864. *Prentice, Manning. Stownaarkce Saffolk. 
ward, Archdeacon. The College, Durham. 
_ Prest, John. Blossom-street, York. 
*Prestwich, Joseph, F.R.S., Treas. G.8. 2 Suffolk-lane, City, London ; ; 
and 10 Kent-terrace, "Regent's Park-road, London. 
*Pretious, Thomas. H.M. Dockyard, Devonport. 


LIST OF MEMBERS, 55 


Year of 

Election. 

1846. tPriaulx, Nicholas M. 9 Brunswick: place, Southampton. 

1856. *Price, Rev. Bartholomew, M.A., F.R.S., F.R.A.S., Sedleian Professor 
of Natural Philosophy in the University of Oxford. 11 St 

Price IT, Neath Abbey, Glamorganshire 
ce, J.T. Nea y> Oo . 

1865. §Prideaux, J.S. 209 Piccadilly, London. 

1884. *Prior, R. C. A., M.D. Halse House, Taunton. 

1865. *Prichard, Thomas, M.D. Avington Abbey, Northampton. 

1835. *Pritchard, Andrew. 87 St. Paul’s-road, Highbury, London. 

1846. *Pritchard, Rev. Charles, M.A., F.R.S., Pres. R.A.S., F.G.S. Hurst- 
hill, Freshwater, Isle of Wight. 

1868. tProcter, R.S. Summerhill-terrace, Newcastle-on-Tyne. 

Proctor, Thomas. Clifton Down, Bnastol- 
Proctor, William. Cathay, Bristol. 

1858. §Proctor, William, M.D., F.C.S. 24 Petergate, York. 

1868. *Prosser, John. 88 Cumberland-road, Newcastle-on-Tyne. 

1841. {Prosser, Richard. King’s Norton, near Birmingham. 

Protheroe, Captain W.G.B. Dolewilin, St. Clair’s, Carnarvonshire.: 

1868. {Proud, Joseph. South Hetton, Newcastle-on-Tyne. 

1849. {Proud, Thomas Aston. Villa-road, Handsworth. 

*Prower, Rev. J. M., M.A. Swindon, Wiltahire. 

1865. §Prowse, Albert P. Plymouth. 

1854. tPuckle, Hale G. 

1864, {Pugh, John. Aberdovey, Shrewsbury. 

. fEugh, William. Coalport, Shropshire. 

1854. t sford, James. 

Pumphrey, Charles. 34 Frederick-street,"Edgbaston, Birmingham. 

Punnett, Rev. John, M.A., F.C.P.S. St. Earth, Cornwall. 

1852. {Purdon, Thomas Henry, M.D. Belfast. 

1860. §Purdy, Frederick, F.S.S., Principal of the Statistical Department of 
the Poor Law Board, Whitehall, London. Victoria-road, Ken- 
sington, London. 

1860, * y, 5. E. Bouverie. Pusey, Farringdon. 

1861. *Pyne, Joseph John. 63 Piccadilly, Manchester. 


1860. TRaddlitie, Charles Bland, M.D. 4 Henrietta-street, Cavendish-square, 
ndon. 
Radford, J. G. 
° ord, William, M.D. Sidmount, Sidmouth. 
1861. {Rafferty, Thomas. 13 Monmouth-terrace, Rusholme. 
1854. {Raffles, Thomas Stamford. 21 Canning-street, Liverpool. 
1859. tRainey, George, M.D. 17 Golden-square, Aberdeen. 
1855. {Rainey, Harry, M.D. 10 Moore-place, Glasgow. 
1864. tRainey, James T. 8 Widcomb-crescent, Bath. 
Rake, Joseph. Charlotte-street, Bristol. 
1868. §Ramsay, Alexander, jun. 45 Morand equate, Notting Hill, London. 
1845. tRamsay, Andrew Crombie, F.R.S., F.G.S., Local Director of the 
Geological Survey of Great Britain, and Professor of Geology in 
the Government School of Mines. Museum of Practical Geology, 
Jermyn-street, London. 
1868. Ramsay, D.R. Wallsend, Newcastle-on-Tyne. 
1861. {Ramsay, John. Kildalton, Argyleshire. 
1845. | Ramsay, William. Glasgow. 
1858. “Ramsbotham, John Hodgson, M.D. 16 Park-place, Leeds. 
*Rance, Henry. Cambridge. 
Rand, John. Wheatley-hill, Bradford, Yorkshire. 
1866. §Randel, J. 50 Vittoria-street, Birmingham. | 
1860. {Randall, Thomas. Grandepoint House, Oxford. 


56 


LIST OF MEMBERS. 


Year of 
Election. 


1855, 
1847, 


1860, 


1850. 


1864. 


§Read, William. Albion House, 
. [Read, William Henry. Chapel Allerton, near Leeds. 


tRandolph, Charles. Pollockshiels, Glasgow. 

tRandolph, Captain C.G. Wrotham, Kent. 

*Randolph, Rev. Herbert, M.A. Marcham, near Abingdon. 
Randolph, Rev. John Honywood, F.G.S. Sanderstead, on. 
Ranelagh, the Right-Hon., Lord. 7 New Burlington-street, t- 

street, London. 

§Rankine, William John Macquorn, LL.D., F.R.S. L. & E., Regius 

Professor of Civil Engineering and Mechanics in the University 
of Glasgow. 59 St. Vincent-street, Glasgow. 


. §Ransome, Arthur, M.A. Bowdon, Cheshire. 

. }Ransome, Frederick. Lower Brook-street, Ipswich. 
. [ Ransome, George. 

. “Ransome, Robert. Iron Foundry, Ipswich. 


Ransome, Thomas. 34 Princess-street, Manchester. 


- §Ransome, Dr. W. H. Nottin 


ham. 
Rashleigh, Jonathan. 3 Gumberland-terrace, Regent’s Park, 


London. 

*Ratcliff, Charles, F.L.S., F.GS., F.S.A., F.R.G.S. Wyddrington, 

gbaston, Birmingham. 

§Rate, Rev. John, M.A., Lapley Vicarage, Staffordshire. 
Rathbone, Theodore W. erton Priory, near Liverpool. 
Rathbone, William. Green Bank, Liverpool. 

Rathbone, William, jun. 7 Water-street, Liverpool. 


. {Rattray, W. Aberdeen. 
. tRavenshaw, E.C. Atheneum Club, London. 


Rawdon, William Frederick, M.D. Bootham, York. 
*Rawlins, John. Llewesog Hall, Denbighshire. 
*Rawlinson, Major-General Sir Henry C., K.C.B.,M.P., LL.D., F.RS., 
F.R.G.S, 1 Hill-street, Berkeley-square, London. 
Rawson, Rawson Wiliam, F.R.G.S. 
Rawson, T. S. 
*Rawson, Thomas William. Saville Lodge, Halifax. 


. §Rayner,\Henry. Smethwick, Birmingham. 


Read, John. 


. [Read, Joseph, M.D. 


Read, Thomas, M.D. Donegal-equare West, Belfast. 
worth, Bawtry. 


"Read, Wet Rudstone, M.A., F.L.S. Hayton, near Pocklington, 

orkshire. 

*Reade, Rev. Joseph Bancroft, M.A., F.R.S. Bishopbourne Rectory, 
Canterbury. 


. *Readwin, Thomas Allison, F.G.S. Stretford, near Manchester. 

. §Reddie, James, F.R.A.S. Bridge House, Hammersmith, London. 
. "Redfern, Professor Peter, M.D. 4-Lower-crescent, Belfast. 

. {Redmayne, Giles. 20 New Bond-street, London. 

. [Redmayne, R. R. 12 Victoria-terrace, Newcastle. 


Redwood, Isaac. Cae Wern, near Neath, South Wales. 


. *Reé, H. P. 27 Faulkner-street, Manchester. 
. {Reed, Edward J., Chief Constructor of the Navy. Admiralty, White- 


hall, London. 


. [ Reid, David Boswell, M.D. 

. [ Red, James. 

. [ Red, Robert, M.D., M.RIA. 
. TReid, William, M.D 


, . Cuivie, Cupar, Fife. 
Reid, Major-General Sir William, 
Renals, E. ‘ Nottingham Express’ Office, Nottingham. 


. tRendel, G. Benwell, Newcastle-on-Tyne. 


LIST OF MEMBERS. 57 


Year of 
Flection. 


Rennie, Sir John, Knt., F.R.S., F.G.S., F.S.A., F.R.G.S. 32 Charing 
Crosa, London. 


. tRennison, Rev. Thomas, M.A. Queen’s College, Oxford. 


* Renny, Lieutenant H. L., R.E. Montreal. 


, §Reynolda, Richard, F.C.8. 18 Briggate, Leeds. | 
. [Reynolds, Thomas F., M.D. 14 Lansdowne-terrace, Cheltenham. 


Reynolds, William, M.D. Coeddu, near Mold, Flintshire. 
tRhind, William. 121 Princes-street, Edinburgh. 


. “Rhodes, John. Leeds. 
. tRicardo, M. Brighton. 
. §Richardson, Benjamin W., M.A., M.D. 12 Hinde-street, Manchester- 


uare, London. 


Bq 
. §Richardson, Charles. Almondbury, Bristol. 
. *Richardson, Edward, jun. South Ashfield, Newcastle-on-Tyne. 


Richardson, James. Glasgow. 
tRichardson, John. Hull. 


- [Richardson, John W. South Ashfield, Newcastle-on-Tyne. 
. {Richardson, Sir John S., Bart. Pitfour Castle, Perthshire. 


Richardson, Thomas. Glasgow. 
Richardson, Thomas. Montpelier-hill, Dublin. 
Richardson, William. Micklegate, York. 


. §Richardson, William. 4 Edward-street, Werneth, Oldham. 


Richardson, Rev. William. 


. {Richson, Rev. Canon, M.A. Shakespeare-street, Ardwick, Man- 


chester. 


. 1 Richter, Otto, Ph.D. Bathgate, Linlithgowshire. 


*Riddell, Colonel Charles James Buchanan, C.B., F.R.S. Ordnance 
House, Sheerness. 


. *Riddell, H. B. The Palace, Maidstone. 

. tRiddell, Rev. John. Moffat by Beatlock, N. B. 

. “Rideout, William J. Farnworth, near Manchester. 

. }Ridgway, Henry Akroyd, B.A. Bank Field, Halifax. 


Ridgway, John. Cauldon-place, Potteries, Staffordshire. 


- §Ridley, John. 19 Belsize-park, Hampstead, London. 
. Ridley, Samuel. 7 Regent’s-terrace, 
. *Rigby, Samuel. Bruch Hall, Warrington. 


vewcastle-on-Tyne. 


*Rinder, Miss. Gledhow Grove, Leeds. 


. §Ritchie, George Robert. 4 Watkin-Terrace, Coldharbour-lene, 


Camberwell, London. 


. {Ritchie, Robert, C.E. 14 Hill-street, Edinburgh. 

. TRivay, John V.C. 19 Cowley-street, Westminster, London. 
. {Robberds, Rev. John, B.A. Liverpool. 

. Roberton, James. Gorbals Foundry, Glasgow. 


Roberton, John. Oxford-road, Manchester. 


. [Roberts, George Christopher. Hull. 
. {Roberts, Henry, F.S.A. Atheneum Club, London. 


, John. 


-f 
. }Roberts, John Francis. 10 Adam-street, Adelphi, London. 
. Roberts, Michael. Trinity College, Dublin. 


‘Roberts, William P. 50 Ardwick Green, Manchester. 


. tRobertson, Dr. Andrew. Indego, Aberdeen. 

. }Robinson, Dr. 26 Welbeck-street, Cavendish-square, London. 

. §Robinson, Enoch. Dukinfield, Cheshire. 

. [Robinson, Rev. George. Tartaragham Glebe, Loughgall, Ireland. 
. §Robinson, George Augustus. Widcomb-hill, Bath. 

» {Robinson, Hardy. 156 Union-street, Aberdeen. 

. {Robinson, Professor H. D. . 


*Robinson, H. Oliver. 16 Park-street, Westminster, London. 


; §Rowe, Rev. John. Beaufort-villas 
. *Rowney, Thomas H., Ph.D., F.C.8., Professor of Chemistry in 


LIST OF MEMBERS. 


* Robinson, John. 
Robinson, John. Atlas Works, Manchester. 


. [Robinson, J. H. Cumberland-row, Newcastle-on-Tyne. 
. }Robinson, M. E. 116 St. Vincent-street, G 


We 
tRobinson, Admiral Robert Spencer. 61 Eaton-place, London. 
Robinson, Rev. Thomas Romney, D.D., F.R.S., F.R.AS., M-R.LA, 
Director of the Armagh Observatory. h. 


. jRobinson, T. W. U. Houghton-le-Spring, Durham. 


Robson James. Coxlodge Colliery, Bulman's Village, Newcastle-on- 
Tyne. 
*Robson, Rev. John, D.D. Glasgow. 


. {Robeon, Neil, C.E. 127 St. Vincent-street, Glasgow. 
. }Rocow, Tattersall Thomas. 
- {Rodwell, William. Woodlands, Holbrook, Ipswich. 


Roe, Henry, M.R.LA. 2 Fitzwilliam-square East, Dublin. 
Roe, William Henry. Portland-terrace, Southampton. 


. §Rofe, John, PGS. a1 
. Rogers, Professor H. D. asgow. 
. {Rogers, James E. T., Professor of Political Economy in the Univer- 


sity of Oxford. Beaumont-street, Oxford. 
*Roget, Peter Mark, M.D., F.R.S. 18 Upper Bedford-place, Russell- 
uare, London. 


§Rollecton, George, M.A., M.D., F.R.8., F.L.S., Professor of Anatomy 


and Physiology in the University of Oxford. 15 New Inn 
street ww) | 


. tRomilly, Edward. 14 Hyde Park-terrace, London. 


tRomily, Rev. Joseph. Trinsty College, Cambridge. 
fRonalds, Francis, F.R.S. 9 St. Mary’e-villas, Battle, Essex. 


. {Ronalds, Edmund, Ph.D. Stewartfield, Bonnington, Edinburgh. 
. §Roper, R.S. Newport, Monmouthshire. 
. *Roscoe, Henry Enfield, B.A., Ph.D., F.R.8., F.C.S., Professor of 


Chemistry in Owens College, Manchester. 


. §Rose, C. B., F.G.S. 25 King-street, Great Yarmouth, Norfolk. 


Rosebery, Archibald John, Earl of, K.T., M.A.,D.C.L., F.R.8. 180 
- Piccadilly, London ; and Dalmeny Park, Linhthgow. 


. eh John. Haverholme House, Brigg, Lincolnahire. 


Rosling, Alfred. 


. YRoss, David, LL.D. Drumbrain Cottage; Newblias, Ireland. 
. “Ross, James Coulman. Trinity College, Cambridge. 
. *Ross, Thomas. Featherstone-buildings, High Holborn, London. 


Ross, William. Pendleton, Manchester. 

Rosse, William, Earl of, M.A., K.St.P., LL.D., F.R.S., F.R.AS., 
¥F.G.S., M.R.LA., F.R.G.S., F.A.8., Chancellor of the University 
of Dublin. Birr Castle, Parsonstown, King's County, Ireland. 

Rosson, John. Moore Hall, near Ormskirk, Lancashire. 


. Roth, Dr. Matthias. 16a Old Cavendish-street, London. 


Rothera, George Bell. Nottingham. 


. tRoundall, William B. 146 High-street, Southampton. 


*Roundell, Rev. Danson Richardson. Gledstone, Skipton. 


. §Rounds, Daniel G. Hange Colliery, near Tipton, Staffordshire. 
illas, Mai 


tRouse, William. 16 Canterb Vale, London. 
tRouth, Edward J..M.A. St. Peter’s College, Cambridge. 
We 


. TRowan, David. St. Vincent Orescent, G 


tRowand, Alexander. L.inthouse, near Glasgow. 
baston, Birminghant. 


Queen’s Coll Galway. 
*Rowntree, J h. Leeds. y 


. {Salmon, ony Cs FG 


LIST OF MEMBERS, 59 


tRoweell, Rev. Evan Edward, M.A. Hambledon Rectory, Godalming. 
ovis Peter, 1 M.D, LRO. P.,M.R.O.9. 27 Lever-street, Manchester, 


jtuland, C_ Robert, F.C.8. Ardwick, Manchester. 
. {Rumsay, Henry Wildbore. Gloucester Lod , Cheltenham. 


Rushout, Capt. the Hon. George, F.G.S. 10 ’ Bolton-street, Picca- 


, tRuskin, Token M.A.,F.G.S. Denmark-hill, Camberwell, London. 
. }Russell, Rev. O. W., D.D. Mayn ooth Coll 


{Russell, James, M.D. _Temple-row, Birming am. 


. EReuseell’ James, yun. 


Russell, James. 91 Newhall-street, Birmingham. 


. tRussell, John, Earl, K.G., F.R.S. , FRG. °37 Chesham-place, Bel- 
London. 


grave-square 

Russell, John. Piercefield, Chepstow. 

Russell, John. 15 Middle Gardiner’ s-street, Dublin. 

Ruseell, John Scott, M.A., F.R.S.L.& E. Sydenham; and 5 West- 
minster Chambers, Westminster, London. 


. *Russell, Norman Scott. 87 Great George-street, Westminster, London. 
. [Russell, Robert. 


. §Russell, Robert. Gosforth Colliery, Newcastle-on-Tyne. 


Russell, Rev. T. 


. *Ruseell, William J., Ph.D. 8 Circus-road, St. John’s Wood, London. 
. §Ruseell, W. HL L., AB. Shepperton, Middlesex. 
. §Rust, Rev. James, M.A. Manse of Slains, Ellon, N. B. 


Rutson, William. Newby Wiske, Northallerton, Yorkshire. 
t Ryan, John, HD. 
*Ryland, Arthur. Birmingham. 


. §Ryland, Thomas. The Redlands, » Erdington, Birmingham. 
. {Rylands, Joseph. 9 Charlotte-street, Hull 


Rylands, Thomas Glazebrook. Neath House, Warrington. 


*Sabine, Major-General Edward, R.A., LL.D., D.O.L., President of 
the Royal Society, F.R.AS., F.LS., P.B.G.S. 18 Ashley-place, 
Westminster, London. 

§Sabine, Robert. (Care of C. W. Siemens, Eaq.), 3 George-stzest, 
Westminster. 
Salkeld, Joseph. Penrith, Cumberland. 


. {Salmon, Rev. George DD., FR. S., Professor of Mathematics in 


Trinity College ety Oe College, Dublin. 
36 Cannon-street, London. 


almon, William Wroughton. ° Regent's Park-square, London ; and 
Devizes, Wiltshire. , 
*Salt, Charles F. 24 Grove-street, Live L 


| “Salt, Titus. Crow Nest, Lightcliffe, H 
- ¥Salter, John William, E.G. Ggological 8 Survey of Great Britain, 


useum of Practical Geology -street; and 8 Bolton- 
road, nears St. John 8 Wood, London. 


Sambroce T. G. 2 Eaton-place, London. 


. “Samson, Henry Mesers. Samson and Leppoe, St. Peter’s-squate, 


{Sendbach, H 7 R. Hafodunos, Den lege, Cambri 
tSandema’, A A. Queen’s College, © ambridge. 


. }Sanders, Gilbert. 2 Foster- 


Sanders, John Naish, F.G.8._ 12 V veya -terrace, Clifton, Bristol. 
*Sanders, William, F-R.S., F.G.8, (Local Treasurer.) 91 Richmond- 
terrace, Clifton, Bristol. 


60 


LIST OF MEMBERS. 


Year of 
Election. 


1853, 


Sandes, Thomas, A.B. Sallow Glin, Tarbert, Co. Kerry. 


. §Sandford, William. 9 Springfield-place, Bath. 

. {Sandon, Lord. 39 Gloucester-square, London. . 

. §Sanford, William A. Nynehead Court, Wellington, Somersetshire. 
. §Sargant, W. L. Edmund-street, Birmingham. 


Satterfield, Joshua. Alderle 


y . 
. {Saul, Charles J. Smiedley-lane, Cheetham-hill, Manchester. 
. aimee Trelawney Wiliam. 


Saunders, T. W., Recorder of Bath. 1 Priory-place, Bath. 


. *Saunders, William. Manor House, Iffley, near Oxford. 
. {Savory, Valentine. Cleckheaton, near Leeds. 


Stephen Martin. 


. Scallan, James Joseph. 77 Harcourt-street, Dublin. 
. {Scarth, Pillans. 28 Barnard-street, Leith. 


*Schemman, J.C. Hamburg. 
*Schlick, Commandeur de. 15 Rue Bellechasse, Faubourg St. Ger- 
field, Bengamin. 
Schofield, Joseph. Stubley Hall, Littleborough, Lancashire. 
Schotield, W. 3 Fairlawn, Ripon. 
Scholefield, William. Birmingham. 
*Scholes, T. Seddon. 16 Dale-street, Leamington 


8. 
min, 
bh. 


. *Scholey, William Stephenson, M.A. Freemantle Lodge, Castle-hill, 


Reading. 
*Scholfield, Edward, M.D. Doncaster. 
tScholfield, Henry D., M.D. 
Schunck, Edward, F.R.S. Oaklands, Kersall Moor, Manchester. 


. “Schwabe, Edmund Salis. Rhodes House, near Manchester. 
. [Sclater, Philip Lutley, M.A, Ph.D., F.R.S., F.L.S., Sec. Zool. Soc. 


1] Hanover-square, London. 


. ahearas John, M.B. Barnard’s Inn, London; and Ilford, Essex. 


Scott, Major-General, Royal Bengal Artillery. Treledan Hall, Mont- 
mery 


re. 
. {Scott, Captain Fitzmaurice. Forfar Artillery. 
. [Scott, Montague D., B.A. Hove, Sussex. 


§Scott, Robert H. 43 Wellington-place, Upper Leeson-street, 


Dublin. 
. §Scott, Rev. Robert Selkirk, M.A. 7 Beaufort-terrace, Cecil-strect, 


Manchester. 
§Scott, Wentworth Lascelles, F.C.S. Cornwall-villa, 24 Cornwall- 
road, Westbourne Park, London. 


. {Scott, William. Holbeck, near Leeds. 
. §Scott, William Robson, Ph.D. St. Leonards, Exeter. 


Scougall, James. 


. [Scrivenor, Harry. Ramsay, Isle of Man. 
. [Seaton, John Love. Hull. 


*Sedgwick, Rev. Adam, M.A., LL.D., F.R.S., Hon. M.R.LA., F.G.S.,, 
F.R.A.S., F.R.G.S., Woodwardian Professor of Geology in the 
University of Cambridge, and Canon of Norwich. Trinity Col- 
lege, Cambridge. 

tSedgwick, Rev. James. Scalby Vicarage, Scarborough. 


1861. *Seeley, Harry, F.G.S. Woodwardian Museum, Cambridge. 


1855. 
1860. 


1858, 


Belby, Prideaux John, F.L.S., F.G.S. Twizel House, Belford, 
{Seligman, HL. 196 

eli . L. 135 Buchanan-street, Glasgow. 
tSeller, William, M.D. 23 Neleon-strect, Edinburgh. 

Selwyn, Rev. William, M.A., Prebendary of Ely. Foxton, Royston. 
*Senior, George. Barnsley. 


LIST OF MEMBERS. 61 
Year of 
Election. 


Seymour, George Hicks. Stonegate, York. 
1861. *Seymour, Henry D., M.P. 39 Upper Grosvenor-street, London, 
Seymour, John. 21 Bootham, York. 
1853. {Shackles,G. L. 6 Albion-street, Hull. 
*“Shaen, William. 8 Bedford-row, London. 
1846. {Sharp, James. 22 Oxford-street, Southampton. 
Sharp, Rev. John, B.A. Horbury, Wakefield. 
1861, §Sharp, Samuel, F.G.S., F.S.A. Dallington Hall, near Northampton. 
*Sharp, William, M.D., F.R.S., F.G.8. Horton House, Rugby. - 
Sharp, Rev. William,B.A. MarehamRectory nearBoston,Lincolnshire. 
1854, {Sharpe, Robert, M.D. 
S y, William, M.D., LL.D., Sec. R.S., F.R.S.E., Professor of 
natomy in University College. 33 Woburn-place, London. 


1861. 


1858. {Shaw, Norton, M.D. 
Shepard, John. Nelson-square, Bradford, Yorkshire. 
1868, {Shepherd, A. B. 7 South-square, Gray's Inn, London. 
Sheppard, Rev. Henry W., B.A. The Parsonage, Emsworth, Hants. 
“Sherrard, David Henry. 88 Upper Dorset-street, Dublin. 
1851. {Shewell, John T. Rushmere, Ipswich, 
Shore, Offley. Sheffield. 
1849, {Shorthouse, Joseph. Birmingham. 
Shortrede, Colonel Robert, F.R.A.S. 6 Medina Villas, Brighton. 
1864. sShowers, Lieut.-Colonel Charles L. Cox’s Hotel, Jermyn-street, 


don. . 
1842. Shuttleworth, John. Wilton Polygon, Cheetham-hil, Manchester. 
1861, *Sidebotham, 5 oseph. 19 George-street, Manchester. 
1861. *Sidebottom, James. Portland-street, Manchester. 
1861. *Sidebottom, James, jun. Spring- bank Mills, Stockport. 
1857. tSidney, Frederick John. 19 Herbert-street, Dublin. 
Sidney, M. J. F. Cowpen, Newcastle-upon-tyne. 
1857. da Rudolph Th. 
1856. Siemens, C. William, F.R.S. 3 Great George-street, Westminster, 
ndon. 
Stgmond, George, M.D., F.S_A. 
*Sillar, Zechariah, M.D. Bath House, Laurie Park, Sydenham, near 
ndon. 
1859. {Sim, John. Hardgate, Aberdeen. 
1855: {Sim, William. Furnace, near Inverary. 
1851. {Sim, W. D. Ipswich. 
1862. §Simms, James. 1388 Fleet-street, London. 
1852. {Simms, William. Albion. place, Belfast. 
ndon. 


1859. ieimpeon John. Marykirk, Kincardineshire. 
1863. §Simpson, J. B., F.G.S. Hedgefield House, Blaydon-on-Tyne, 
1857. }Simpeon, Maz, M.D. 

Simpeon, Rev. Samuel. Douglas, Isle of Man. 


mas, 
Simpson, Thomas. Blake-street, York. 
Simpeon, William. Bradmore House, Hammersmith, London. 
1859, {Sinclair, Alexander. 133 George-street, Edinburgh. 


63 LIST OF MEMBERS. 
Year of 

Election. 

1850. tSinclair, Rev. William. 


. “Smith, Heywood. M.A. MB. 25 Park-street, 


Leeds. 
1864. *Sircar, Baboo Mohendro Lall, MD. (Care of Edwin Goodive, Keq., 
0 


h, Stoke Bishop, Bristol). 
*Sirr, Rev. Joseph D’Arcy, D.D., M-R.LA. Castle-hill, Winchester. 
Sisson, William, F.G.8. Clifton, Bristol. 


. §Sissons, W. South Church Side, Hull. 
. {Skse, David, M.D. Royal Asylum, Edinburgh. 
8 


tSkane, Wilam Forbes. 
Skinner, James. Dromin, Listowel, Ireland. 
RR. A. Shropshire. 


’ *Slater, William. Princess-street, Manchester. 


§Sleddon, Francis. 2 Kingston-terrace, Hull. 


, . 
. §Sloper, George Edgar, jun. Devizes. 

4Sloper, Samuel W. Devizes. 

. §Sloper, S. Elgar. Winterton, near Southampton. 

. {Smeeton, G. H. Commercial -street, Leeds. 

. {Smith, Aquila, M.D.,M.R.I.A. 121 Lower Bagot-street, Dublin. 


Smith, Archibald, M.A., F.R.S. L. & E. River-bank, Putney ; and 
3 Stone-buildings, Lincoln’s Inn, London. 


. §Smith, Brooke. 65 Hill-street, Birmingham. 
Smii 


th, Rev. B., FSA. 


. *Smith, Charles Edward, F.R.A.S. Fir Vale, near Sheffield. 

. §Smith, David, F.R.AS. 4 Cherry-street, Birmingham. 

. {Smith, Edmund. Ferriby, near Hull. 

. §Smith, Edward, M.D., LL.B., F.R.8. 16 Queen Anne-street, Lon- 


on. 


. §Smith, Frederick. The Priory, Dudley. 


tSmith, George. Port Dundas, Glasgow. 

{Smith, George Cruickshank. 19 St. Vincent-place, Glasgow. 

*Smith, Rev. George Sidney, D.D., M.R.LA., Professor of Biblical 
Greek in the University of Dublin. Aughalurcher, Five-mile- 
Town, Oo. Tyrone : 


_ {Smith, G. Campbell. Banff. 
. {Smith, Henry A. 5 East Craibstone-street, Aberdeen. 


Smith, Henry John Stephen, M.A., F.R.S., Savilian Professor of 
Geometry in the University of Oxford. 64 St. Giles’s, Oxford. 
Grosvenor-equare 


London. , 


. {Smith, Horatio. Manchester. 
. §Smith, Issac. 26 Lancaster-street, Birmingham. 
. “Smith, James. Berkeley House, Seaforth, near Liverpool. 


Smith, James, F.R.S. L. & E., F.G.S., F.R.G.S. Athenzum Club, 
London ; and Jordan-hill, Glasgow. 
Gibraltar 


. [Smith, James. . 
. {Smith, James. St. Vincent-street, G 


lasgow. 
*Smith, John. Shelbrook House, Ashby-de-la-Zouch. 


. {Smith, John, M.D. Edinbur 


h 
{Smith John. York City and County Bank, Malton, Yorkshire 


. {Smith, John. Commerce-court, Liv . 
. “Smith, Jéhn Metcalf. (Local Treaeurer.) Bank, Leeds. 


Smith, John Peter George. Liv 


erpool, 

. §Smith, John 8S. Sydney Lodge, Wimbledon, Surrey. 

. *Smith, Rev. Joseph Denham. near Dublin. 

. {Smith, Professor J..M.D. University of Sydney, Australia, 
. {Smith, Rev. J.J. Caius College, Cambridge 


9 


“Smith, Rev. Philip, B.A. 83 Upper Bedford-place, Russell-equare, 
London. 


LIST OF MEMBERS. 68 


Year ot 
Blection. 


1860. 
1887. 
1847. 


. *Borby, H. Clifton, F.R.S., F 


. {Spens, William. 78 St. Vincent-street, Glasgow. 


*Smith, Protheroe, M.D. 25 Park-street, Grosvenor-square, London. 
Smith, Richard Bryan. Villa Nova, Shrewsbury. 
tSmith, Robert Angus, Ph.D., F.RS., F.C.S, 20 Grosvenor-square, 
Manchester. 
*Smith, Robert Mackay. Bellevue-cresoent, Edinburgh. 


. {Smith, Thomas James, F.G.S., F.C.S. Heasle, near Hull. 
. {Smith, William. Eglinton Engine Works, Glasgow. 
. §Smith, William, C.E., F.G.S. 19 Salisbury-street, Adelphi, London. 


*Smyth, Charles Piazzi, F.R.S. L. & E., F.R.A.8., Astronomer Royal 
for Scotland, Professor of Practical Astronomy in the University 
of Edinburgh. 1 Hillside-crescent, Edinburgh. 


. [Smyth, Rev. George Watson. 


“Smyth, John, jun. M.A., CE. Milltown, Banbridge, Ireland. 


. §Smyth, Warington W., M.A., F.R.S., Pres. G.S., Lecturer on Eine 


at the Government School of Mines, and Inspector of the 


Property of the Crown. Jermyn-street; and 27 Victoria-street, 
London. 


. {Smythe, Lieut.-Col. W. J., R.A. Woolwich. 
. Sm , George, M.D, Edinburgh. 


Soden, John. Athenseum Club, Pall Mall, London, 


. {Sollitt, J. D., Head Master of Grammar School, Hull. 


*Solly, Edward, F.R.S.,F.S.A. Holme Court, Isleworth, Middlesex. 
*Solly, Samuel Reynolds, M.A., F.R.S. 10 Manchester-square, London. 
“Sopwith, Thomas, M.A., F.R.8, F.G.8., FRG. 103 Victoria- 
street, Westminster, London. 
Sorbey, Alfred. South Darley, near Matlock, Derbyshire. 


S. Broomfield, Sheffield. 
tSorensen, Le Chevalier B. Norway. 


. *Southall, John Tertius. Leominster. 

. tSouthall, Norman. 44 Cannon-street West, London. 

. TSouthall, Thomas. Willington-road, Birmingham. 

. Southwood, Rev. T. A. Cheltenham: College. 

. {Sowerby, John. Shipcote House, Gateshead, Durham. 
. “Spark, H. K. Greenbank, Darlington. 


. toente, Rev. J ames, D.D. 6 Clapton-equare, London. 


“Spence, Joseph. Pavement, Yor 


. §Spence, Peter. Pendleton Alum Worka, Newton Heath; and Smedley 


all, near Manchester. 


. {Spence, W. B. 
. §Spencer, John Frederick. St. Nicholas-buildings, Newcastle-on-Tyne. 
. “Spencer, Joseph. 27 Brown-street, Manchester. 


. 


, Trevetham, M. 
§Spicer, William R. 19 New Bridge-street, Blackfriars, London. 
*Spiers, Richard James, F.S.A. 14 St. Giles’s-street, Oxford. 


Spicer, Henry, jun. 19 New Bridge-strect, Blackfriars, London. 
picer, Thomas A. LL.D. 


. *Spiller, Captain John, F.C.S. Chemical Department, Royal Arsenal, 


Woolwich. 


. *Spottiswoode, William, M.A., F.R.S., F.R.A.S., F.R.G.S, (General 


Treasurer.) 50 Grosvenor-place, London. 


. *Spottiswoode, W. Hugh. 650 Grosvenor-place, London. 
. *Sprague, Thomas Bond. 18 Lincoln’s Inn Fields, London. 
. {Spratt, 5 


oseph James. West Parade, Hull. 
Square, Joseph Elliot. Plymouth. 

*Squire, Lovell. Falmouth. 

{Stables, William Alexander, Cawdor Castle. 


64 


LIST OF MEMBERS. 


Year of 
Election. 


1867. 


1858. 
1851, 


. {Stark, Richard M. Hull. 
. [Statham, Henry Joseph. 27 Mortimer-street, Cavendish-sq., London, 


le 
. {Stokes 
. {Stone, E. J.. M.A. Royal Observatory, Greenwich. 
. fe rones Dr. William H. 18 Vigo-street, London. 


. "Stoney George Jo 


t Stack, Thomas. Dublin. 

*Stainton, Henry T., F.L.S.,F.G.S. Mountsfield, Lewisham, Kent. 

“Stainton, James Joseph, F.L.S., F.C.S. Horsell, near Ripley, 
Surrey. 

Stamforth, Rev. Thomas. 

Stanfeld, Hamer. Burley, near Otley. 


. {Stanfield, Alfred W. akefield. 
. §Stanford, E.C.C. 1 Holyrood-crescent, Glasgow 
. *Stanley, The Right Hon. Lord, M.P., LL.D., F. 


S.,F.R.G.S. 23 St. 
James’s-square, London ; and Knowsley, Liverpool. 
Stanley, The Very Rev. Arthur Penrhyn, D.D., F.R.S., Dean of 
estminster. The Deanery, Westminster, London. 
Stanway, J. Holt. 
Stapleton, H. M. 1 Mountjoy-place, Dublin. 
{Stark, James, M.D., F.R.S.E. 21 Rutland-street, Edinburgh. 


Staveley, T. K. Ripon, Yorkshire 


. tSteel, William Edward, M.D. 15 Hatch-street, Dublin. 
. §Steele, Rev. Dr. 2 Bathwick-terrace, Bath. 


{Steinthal, H. M. Hollywood, Fallowfield, near Manchester. 
Stenhouse, John, Ph.D. 17 Rodney-street, Pentonville, London. 


. §Sterriker, John. Driffield. 
. *Stern, S. J. 83 George-street, Manchester. 


§Stevell , John, LL.D., Professor of Natural Philosophy in Queen’s 
College, Belfast. 


. *Stevens Henry F.S.A., F.R.G.8. 4 Trafalgar-square, London. 
" §Stevenson, Archibeld. ‘South Shields, 
. [Stevenson, David. 8 Forth-street, Edinburgh. 


Stevenson, Rev. Edward, M.A. 


. “Stevenson, James C. South Shielda. 


Stewart, Balfour, M.A., LL.D., F.R.3., Superintendent of the Kew 
Observatory of the British Association. Richmond, Surrey. 


. §Stewart, Charles. Plymouth. 
; "Stewart, Henry Hutchinson, M.D., M.R.LA. 71 Eccles-street, 


, $Stewart, John. Glaagow. 


Stewart, Robert. Glasgow. 


° {Stewart, Robert, M.D. The Asylum, Belfast. 


Stirling, Andrew. Lower Mosley-street, Manchester. 


. *Stock, Joseph S. Cannon-street, Birmingham. 
» {Stock, T.S. Bourn Brook Hall. 
. {Stockil, William. 5 Church Meadows, Sydenham. 


Stoddart, George. 11 Russell-square, London. 
§Stoddart, Walter William, F.G.S. 9 North-street, Bristol. 


. {Stoep, Charles (Consul). 6 Cook-street, Live 


1. 
“Stokes, George Gabriel, M.A., D.C.L., Sec. RA, Lucasian Professor 
of Mathematics in the University of Cambridge. Pembroke Col- 
ge, Cambridge. 
, Rey. William H., M.A.,F.G.S. Cambridge. 


Stoney, Bindon B., M.R.I.A. 89 Waterloo-road, Dublin. 
hnstone, M.A., F.R.S., M.R.LA., Secretary to the 
ueen’s University, Ireland. Dublin Castle, Dublin. 


. {Store, George. Prospect House, Fairfield, Liverpool. 


§Story, James. 17 Bryanston-square, London. 
Stowe, William. Buckingham. 


LIST OF MEMBERS, 65 


Year of 
Election. 


1868. {Strachan, T. Y. Lovaine-crescent, Newcastle-on-Tyne. 
1868. {Straker, John, Wellington House, Durham. 


kland, Henry 18. 
trickland, J. E. French-park, Roscommon, Ireland. 


cklan 
1859. {Stronach, William, R.E. Ardmellie, Banff. 
Strong, Rev. William. Stanground, near Peterborough. 
1848, itravé, William Price. Picton-place, Swansea. 


1854. {St William. 1 Rumford-place, Liverpool. 
861. Stuaré W. D. Philadelphia, ee 
1859. { Stuart, Wiliam Henry. 
1864. tStyle, Sir Charles, Bart. 102 New Sydney-place, Bath. 
1857. tSullivan, William K., Ph.D., M.R.LA. Museum of Irish Industry 
and 53 Upper Leeson-road, Dublin. 
Sutherland, Alexander John, M.D., F.R.S., F.G.8, 6 Richmond- 
terrace, Westminster, London. 
18683. {Sutherland, Benjamin John. 10 Oxford-street, Newcastle-on-Tyne. 
1862. *Sutherland, George Granville William, Duke of, F.R.G.S, Stafford 
House, London. 
1855, Sutton, Edwin. 44 Winchester-street, Pimlico, London. 
1868, §Sutton, F. Bank Plain, Norwich. 
1861. *Swan, Patrick Don S, Kirkaldy, N.B. 
1862, *“Swan, William, Professor of Natural Philosophy in the University of 
St. Andrews, N. B. 
1868. {Swan, William. Walker, Durham. 
iam Thomas 


1862, *Swann, Rev. 8. K. Gedling, near Nottingham. 

Swanwick, J. W. 

Sweetman, Walter, M.A.,.M.R.LA, 4Mountjoy-square North, Dublin, 
1868, §Swindell, J. 8. E. Stourbridge, 
1868. {Swinhoe, Robert, F.R.G.S. iental Club, London. 
1850, {Sykea, Alfred. ds. 
1847, pSykee, H. P. 47 Albion-street, Hyde Park, London. 
Sykes, Thomas. Cleckheaton, near Leeds. 

“Sykes, Colonel William Henry, M.P., F.R.8., Hon. M.R.LA., F.G.S8., 
.R.G.8. 47 Albion-street, Hyde Park, London. 

1847, {Sykes, W. H. F. 47 Albion-street, Hyde Park, London. 

Sylvester, James Joseph, M.A., LL.D., F.R.S., Professor of Mathe- 
matics in the Royal Military Academy, Woolwich, Woolwich; 
and Atheneum Club, London. 

1850. {Syme, James, Professor of Clinical Surgery in the University of Edin- 
. burgh. The College, Edinburgh. 

1856. *Symonds, Frederick, F.R.C.S. Beaumont-street, Oxford. 

1859, sSymonds Captain Thomas Edward, R.N. 10 Adam-street, Adelphi, 


ndon. 
1860. {Symonds, Rev. W. S., M.A.,F.G.S. Pendock Rectory, Worcestershire, 
1859. §Symons, G. J. 186 Camden-road, London. 
1855. “Symons, William, F.C.S.. 17 St. Mark’s-creacent, Regent’s Park, 
ndon. 
Synge, Rev. Alexander. St. Peter's, Ipswich. 


LIS? OF MEMBERS, 


Year of 


Election. 


1866. 


1854. 


1848. 
1854. 


. [Teschemacher, E. F. 


Synge, Francis. Glanmore, Ashford, Co. Wicklow. 
Synge, John Hatch. Glanmore, Ashford, Co. Wicklow. 


§Tailyour, Colonel Renny, R.E. Newmanswalls, Montrose, N. B. 
§Talbot, William Hawkshead. Southport, Lancashire. 
Talbot, William Henry Fox, M.A., LL.D., F.R.S., F.L.8. Lacock 
Abbey, near Chippenham. 
Taprell, William. 7 Westbourne-crescent, Hyde Park, London. 


. *Tarratt, Henry W. Bushbury Lodge, Leamington. 

. {Tartt, William Macdonald, F.S.S. Sandford-place, Cheltenham. 
. {Tasker, Rev. J.C. W. 1 Upper Lansdown-villas, Bath. 

. “Tate, Alexander. 41 Upper Sackville-street, Dublin. 

. §Tate, John. Alnmouth, near Alnwick, Northumberland. 

. {Zate, Lteut.-Colonel. 


*Tatham, George. Leeds. 

*Tawney, Edward. 5 Victoria-square, Clifton, Bristol. 

*Tayler, Rev. John James, B.A., Principal and Professor of Ecclesi- 
astical History in Manchester New College, London. 22 Wo- 
burn-square, London. 

Taylor, Captamn Edward. 
Taylor, Frederick. Messrs. Taylor, Potter & Co., Liverpool. 
tTaylor, Dr. H. R. 1 Percy-street, Liverpool. 

*Taylor, James. Culverlands, near Reading. 

“Taylor, J ohn, F.G.S. 6 Queen-street-place, Upper Thames-street, 

ondon. 


. *Taylor, John, jun. 6 Queen-street-place, Upper, Thamee-st., London. 
. {Taylor, John. Oriental Association, Walbrook, London. 

. §Taylor, John. Earsdon, Newcastle-on-Tyne. 

. {Taylor, John. Lovaine-place, Newcastle-on-Tyne. 

. §Taylor, Joseph. 99 Constitution-hill, Birmingham. 


*Taylor, Vice- Admiral J. N., CB. 
Taylor, Captain P. Meadows, in the Service of His Highness the 
Nizam. Hyderabad, India. 
"Taylor, Richard, F.G.S. 6 Queen-street-place, Upper Thames-street, 
ndon. 
Taylor, Rev. William, F.R.S., F.R.A.S. Thornloe, Worcester. 
*Taylor, William Edward. Millfield House, Enfield, near Accrington. 


. {Teale, Joseph. Leeds. 


ds 
Teale, Thomas Pridgin, F.R.S., F.L.S. 28 Albion-street, Leeds. 


. {Teale, Thomas Pridgin, jun. 20 Park-row, Leeds, 


Teather, John. Alstonley, Cumberland. 


. “Templeton, James. Mansion-house School, St. David's, Exeter. 


Tennant, Charles. Glasgow. 


. Tennant, Henry. Saltwell, Newcastle-on-Tyne 


*Tennant, James, F.G.S., F.R.G.8., Professor of Mineralogy and Geo- 
logy in King’s College, London. 149 Strand, London, 
Tennent, R. J. Belfast. 


. {Tennison, Edward King. Kildare-street Club House, Dublin. 


ighbury-park North, London. 
ow Ko . ? 


{Thain, Rev. Alexander. achar.. 


. ¢Thirlwall, The Right Rev. Connop, D.D. Abergwili, Carmarthen. 
. [Thodey, Rev. S. Rodborough, Gloucestershire. 


Thom, Rev. David, D.D., Ph.D. 

Thom, John. Messrs. M°Naughton & Co., Moseley-atreet, Man- 
chester. 

Thomas, George. Brislington, Bristol. 

* Thomas, Georse John, MA. 

} Thompson, Benjamin James. 18 High-street, Liverpool. 


LIST OF MEMBERS. 67 


Year of 
Election. 


1854. 
rey 


1850. 


1845, 


1861. 
1864. 


1858. 


1852. 


1850. 


tZhompson, D. P., M.D. 4 Salisbury-street, Liverpool, 
Thompson, Edmund. Claughton Park, Birkenhead. 
868. [Thompson, Rev. Francis. St. Giles’a, Durham. 
Thompson, Frederick. South Parade, Wakefield. 
§Thompson, George, jun. Pidsmedden, Aberdeen. 


Thompeon, Harry Stephen. Kirby Hall, Great Ouseburn, Yorkshire. 


Thompson, Henry Stafford. Fairfield, near York. 
{Thompeon, James. Kirk Houses, Brampton, Cumberland. 

* Thompson, John. 
*Thompson, Joseph. Woodlands, Wilmslow, near Manchester. 
§Thompson, Rev. Joseph Haseelgrave, 3. .A. Cradley, near Brierley-hill. 
Thompson, Leonard. Sheriff-Hutton Park, or shire. 
tThompson, Thomas (Austrian Consul). 

Thompson, Thomas (Town Clerk). ‘io 


. {Thompson, William. 11 North-terrace, Newcastle-on-Tyne. 


Thomson, Alexander. Banchory House, by Aberdee 
omeon, Al Allen, M.D., Professor of Anatomy. The University, 


*Thomson, Corden, M.D. Sheffield. 


. {Thomson, Gordon A. Bedeque House, Belfast. 


Thomson, Guy. Oxford. 


. {Thomson, James. Kendal. 

. [Zhomson, Prof. James, LL.D. 

. Thomson, James. 82 West Nile-street, z, Haagov . 

. *Thomson, Professor James, M.A., C.E. 2 Donegal-square West 


Belfast. 
*Thomson, James Gibson. Edinburgh. 


. [Thomson, M. 8 Meadow-place, Edinburgh. 
. §Thomeon, R.W., C.E., F. SE. Edinburgh. 


, Thomas. Clitheroe, Lancashire 


. {Thomson Thomas, M.D., ER. S., Su uperntanden of the Botanic 


en, Calcutta. Ho Honse, London. 


*Thomson, William, M.A., LL.D., D.C.L., FERS. L. & E., Professor of 
Natural Philosophy in the University of Glasgow. (Local 
Treasurer.) The 7 Bales, Cine 

. [Zhomson, Wilkam Hi 


. tThomson, Wyville ro C. : LL, D., F.G.S., Professor of Geology in 


Queen’s College, 
{ Thorburn, William, M.D. 
§Thorburn, Rev. William Reid, M.A. Starkies, Bury, Lancashire. 
*Thornton, Samuel. The Elma, Camp-hill, Birmingham. 


» *Thornley, S. Sparkbrook, Birmingham. 
. {Thorp, Dr. Disney. Suffolk Laun, Cheltenham. 


"Thorp, The Venerable Thomas, B.D., F.G.S., Archdeacon of Bristol. 
emerton, near Tewkesbury. 

§Thorp, William, jun. 13 York-terrace, Kingsland-road, London. 
Thurnam, John, LD. Devizes. 


. TTibbs, Somerset. 68 Regent-street, Cheltenham. 
§Timmins, 


Samuel. Elyetham-road, Edgbaston, Birmingham. 
*nker, Ebenezer. Meilhill, near Huddersfield. 
*Tinné, John A., F.R.G.S. Briarly Aigburth, Liverpool. 


. t Tipper, 8. Sher , near Southam 


Tite, William, P., F.RBS., FOS. , F.S.A. 42 Lowndet-square, 


London. 
Tobin, Rev. John. Liscard, Cheshire. 


, {Tod, James, Sec. Soc. of Arts. 


Edinburgh. 
Todd, Rev. James Henthawn, D.D., M. RLA. Trinity College, 
Dublin. 
F2 


68 LIST OF MEMBERS. 


Year of 

Election. 

1859. tTodd, Thomas. Mary Culter House, Aberdeen. ; 

1861. *Todhunter, Isaac, M.A., F.R.S. St. John’s College, Cambridge. 

Todhunter, J. 3 College Green, Dublin. 

1857. tTombe, Rev. H. J. lyfree, Ashford, Co. Wicklow. 

1856. {Tomes, Robert Fisher. elford, Stratford-on-A von. 

1864. “Tomlinson, Charles. King’s College; and 178 Hampstead-road 
ondon. ° 

1868. {Tone, John F. Jesmond Villas, Newcastle-on-Tyne. 

1865. §Tonks, Edmund. Packwood G Knowle, Warwickshire. 

1865. §Tonks, William. 4 Carpenter- ) haston, Birmingham. 

1865. §Tonks, William Henry. 4 Carpenter-road, Edgbaston, Birmingham. 

1861. “Topham, John, A.LC.E. 49 Shrubland Grove East, Dalston, Lon- 
n. | 


o 
1868. {Torr, F.S. 88 Bedford-row, London. 
1868. { Torrens, R. R. South Austraka. 
. Torrie, Thomas Jameson. Edinburgh. 
1859. tTorry, Very Rev. John, Dean of St. Andrews. Coupar Angus. 
Tow Edward. St. Neots, Huntingdonshire. 
1845. { Towler, George V. 
Townend, John. 


1860. tTownsend, John. 11 Burlington-street, Bath. 
1857. { Townsend, Rev. Richard. College, Dublin. 
1861. §Townsend, William. Attleborough near Nuneaton. 


Local M 
1859. {Trail, Rev. Robert, M.A. Boyndie, Banff. 
1859. {Trail, Samuel, LL.D., D.D. e Manse, Hanay, Orkney. 
1860, {Traill, Professor, M.D. Edinburgh. 
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. §Woodhill, J.C. Pakenham House, Edgbaston, Birmingham 


, Birmingham. 

*Woods, Edward. 5 Gloucester-crescent, Hyde Park, London. 
Woods, Samuel. 3 Copthall Buildings, Angel-court, London. 
Woolgar, J. W., F.R.A.S. Lewes, Sussex. 
Woolley, John. Staleybridge, Maloate't Docky P a 

- Her Majesty's ard, ortsmouth. 

Woolley, Thomas Smith, jun. South Collingham, Newark. 

t Worden, John. 


*Wormald, Richard. 6 Brondesbury- , Kilburn, London, 


. “Worsley, P. John. Codrington- Clifton, Bristol. 
| t Worsley, Samuel, Bristol oo 
. “Worthington, Rev. Alfred William, B.A. Mansfield, 


Worthington, Archibald. Whitchurch, Salop. 
Worthington, James. Folygon Ardwick, Manchester. 
wick, Manchester, 
Worthington, William. Brockhurst Hall, Northwich, Cheshire. 
§Worthy, George 8. 130 Vine-street, Liverpool. — - 
Wray, John. 6 Suffolk-place, Pall Mall, London. 
tWright, Edward. 43 Dame-street, Dublin. 
* Wright, E. Abbot. Castle Park, Frodsham, Cheshire. 
§Wright, E. Perceval, A.M., M.D., F.L.S., M.R.LA., Lecturer on 
Zoology, and Director of the Museum, Dublin University, 10 
lare-street, Dublin, 


LIST OF MEMBERS. “5 


Year of 
Election. 


1858. 


1865. 


1855. 
. §Wrightson, Francis, Ph.D. Ivy House, Kingsnorton. 


1858. 


1865, 


1864. 


tWright, Henry. Stafford House, London. 
Wright, John 


, . 
Wright, J. Robinson, C.E. 11 Duke-street, Westminster. 

§Wright, J.S. 168 Brearley street West, Birmingham. 

*Wright, Robert Francis. Hinton Blewett, Somersetshire. 

§ Wright, Thomas, F.S.A. 14 Sydney-street, Brompton, London. 
Wright, T.G., M.D. Wakefield. . 


Wrottesley, John, Lord, M.A., D.C.L., F.R.S., F.R.A.S. Wrottealey 
Hall, Wolverhampton. 
Wyld, James, M.P., F.R.G.S. Charing Cross, London. 


.* wyieys Andrew. Drumad h, Doagh, Be 
. [ Wyle, John, M.D. Madras Army 


. }Wynne, Arthur Beevor, F.G.8., of the Geological Survey of Ireland. 


Sligo, Ireland. 
*Yarborough, George Cook. Camp’s Mount, Doncaster. 


. betes ward. Compton-terrace, Islington, London. 


Yates, Edwin. Burton-upon-Trent. 


. §Yates, Henry. Emacote Villa, Aston Manor, Birmingham, 


Yates, James. Carr House, Rotherham, Yorkshire. 
Yates, James, M.A., F.R.S., F.G.8., F.L,S. Lauderdale House, High- 
gate, London. 


. TYates, John Aston. 53 Bryanston-aquare London. 
. {Yeata, John, LL.D., F.R.GS, 


Leicester House, Peckham, London. 
*Yorke, Colonel Philip, F.R.S., F.R.G.8. 89 Eaton-place, Belgrave- 
square, London. , 
Young, James. South Shields. 
Young, James. Limefield, West Calden, Midlothian, 
Young, John. Taunton, Somersetshi 
tYoung, John. Hope Villa, Woodhouse-lane, Leeds. 
Young, Thomas. North Shields. 
Younge, Robert, F.L.S. Greystones, near Sheffield, 
*Younge, Robert, M.D. Greystones, near Sheffield. 
§ Younghusband, Major-General. Ellom House, Charlton-road, Chel- 
tenham. 


{Zwilchenburt, Emanuel, 3 Romford-street, Liverpool. 


76 


LIST OF MEMBERS. 


CORRESPONDING MEMBERS. 


Year of 
Election. 


1867, 


1852. 


1861. 
1864. 
18565. 
1886. 
1862. 


1845. 


1862, 


M. Antoine d’A bbadie. ; 
Louis Agassir, M.D., Ph.D., Professor of Natural History. Cambridge, 


M. Babinet. Paris. 
Dr. Alexander Dallas Bache. Washington, U. 8. 


. Captain L Belavenetz, R.I.N., F.R.1.G.8., M.S.C.M.A., Superin- 


tendent of the Compass Observatory, Cronstadt, Russia. 


. Dr. Bergema, Director of the Magnetic Survey of the Indian Archi- 


lago. Utrecht, Holland. 
Professor Dr. T. Bolzani. Kasan, Russia. 


. Mr. G. P. Bond. Observatory, Cambridge, U.S. 
. M. Boutigny (d Evreux). 
raschman. oscow. 


Professor 

Dr. H. D. Buys-Ballot, Superintendent of the Royal Meteorological 
Institute of the Netherlands. Utrecht, Holland. 

Dr. Carus. Leipzig. 

M. Des Cloizeaux. Paris. 

Dr. Ferdinand Cohn. Breslau, Prussia. 

Geheimrath von Dechen. Bonn. 

Wilhelm Delfis, Professor of Chemistry in the University of Heidel- 


be e 
Heinrich Dove Professor of Natural Philosophy in the University of 
Professor Dumas. Paris, 


Professor Christian Gottfried Ehrenberg, M.D., Secretary of the Royal 
Academy, Berlin. 


» Dr. Eisenlohr. Carlsruhe, Baden. ° 


Professor Johann Franz Encke. Berlin. 


. Dr. A. Erman. Berlin. 

. Professor Esmark. Christiania. 

. Professor A. Favre. Geneva. 

. M. Léon Foucault. Paris. 

. Professor E. Frémy. Paria. 

. M. Frisiani. Milan. 

. Dr. Gaudry, Pres. Geol. Soc. of France. Paris. 

. Dr. Geinitz, Professor of Mineralogy and Geology. Dresden. 
. Professor Asa Gray. Cambridge, U.S. 

» Professor Edward Grube, Ph.D. 


Dr. D. Bierens de Haan, Member of the Royal Academy of Sciences, 
Amsterdam, Leiden, Holland. 
Professor Henry. Washi n, U.S. 


. Professor E. Hébert. The Sorbonne, Paris. 
. Dr. Hochstetter. Vienna. 


Dr. Van der Hoeven. Leyden. 

N. Jacobi. St. Petersburg. 

Charles Jessen, Med. et Phil. Dr., Profeasor of Botany in the Univer- 
sity of Greifswald, and Lecturer of Natural History, and Librarian 
at the Royal Agricultural Academy, Eldena, Prussia. 


LIST OF MEMBERS, 77 


Year of 
Election. 
1866. Dr. Henry Kicpert, Professor of Geography. Berlin. 
1862. Aug. Kekulé, Professor of Chemistry. Ghent, Belgium. 
1861. M. Khanikof. 97 Rue de Lille, Paris. 
1856. Professor A. Kolliker. Wurzburg, Bavaria. 
1856, Laurent-Guillaume De Koninck, M.D., Professor of Chemistry. and 
Paleontology in the University of Liége, Belgium. 
1845. Dr. A. Kupffer. St. Petersburg. 
Dr. Lamont. Munich. 
Baron von Liebig. Munich. 
1862. Professor A. Escher von der Linth. Zurich, Switzerland. 
1857. Professur Loomis. New York. 
1860. Professor Gustav Magnus. Berlin. 
1847, Professor Matteucci. Pisa, Tuscany. 
1862, Professor P. Merian. Bale, Switzerland. 
1846. Professor von Middendorff. St. Petersburg. 
1848. Dr. J, Milne-Edwards. Paris. 
1856. M. Abbé Moigno. Paris. 
1864. Dr. Arnold Morttz. Tiflis, Russia. 
1856, W. Morren, Professeur de Botanique & l'Université de Liége, Belgium. 
1866. Chevalier C. Negri. Florence, Italy. 
1864. Herr Neumayer. Munich. 
1848. Professor Nilsson. Sweden. 
1852. Dr. N. Nordenskiold. Frugard, near Helingfors, Russia. 
1856. M. E. Peligot, Memb. de l'Institut, Paris. 
1861. Professor Benjamin Pierce. Cambridge, U.S. 
1857. Gustav Plaar. Strasburg, France. 
1849. Professor Pliicker. Bonn, Prussia. 
1852. M. Constant Prévost. Paris, 
M. Quetelet. Brussels. 
M. De la Rive. Geneva. 
1866. Dr. F. Romer, Professor of Geology. Berlin. 
1850. Professor W. B. Rogers, Boston, U.S. 
1857. Herman Schlagintweit. Berlin. 
1857, Robert Schlagintweit. Berlin. 
1861. M. Werner Siemens. Berlin. 
1849. Dr. Siljestrom. Stockholm. 
1862. J. A. de Souza, Professor of Physics in the University of Coimbra, 
Portugal. 
1864. Adolph Steen, Professor of Mathematics, Copenhagen. 
1866. Professor Steenstrup. Copenhagen. 
1845, Dr. Svanberg. Stockholm. 
1852. M. Pierre Tchihatchef. 
1864. Dr. Otto Torell. University of Lund, Sweden. 
1864. Professor A. Vambery. Hungary. 
1861. Professor E. Verdet. Paris. 
1861. M. de Verneuil, Memb. de l'Institut, Paris. 
1848. M. Le Verrier. Paris. 
Baron Sartorius von Waltershausen. Gottingen, Hanover. 
1842. Professor Wartmann. Cieneva. 
1864, Dr. Frederick Welwitsch. Lisbon. 


Printed by TAYLOR and Francis, Red Lion Court, Fleet Street. 


